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I.  REVIKW  OF  THi-  LITERATURE 


A.  Biosynthesis  of  Hiboflavin  by  Microorganisms 

The  Marburg  apparatus  has  been  videly  used  to  study  the  respir- 
ation of  cells  in  order  to  obtain  information  about  the  metabolism  of 
various  substances.  Of  interest  is  the  respiration  of  the  microorganisms 
that  can  grow  and  produce  riboflavin  on  certain  media.  Among  these 
microorganisms  there  are  some  in  which  growth  and  riboflavin  synthesis 
can  apparently  be  separated  by  the  use  of  appropriate  media.  It  would 
be  expected  that  a study  of  respiration  of  these  organisms  would  be  of 
special  interest. 

Several  early  workers  were  interested  in  the  production  and 
identification  of  a yellow  pigment  formed  by  certain  microorganisms . 

The  presence  of  this  yellow  pigment,  which  fluoresced  under  ultraviolet 
light,  was  first  demonstrated  in  1935  by  Guillermond,  et  al.,  (1?)  during 
the  growth  of  an  Ascomycete,  Eromothecium  ashbyii  (E.  ashfc.vii) . Another 
organism,  Ashbya  gossypii  (A . goasypii) , produced  this  same  pigment,  but 
in  much  smaller  amounts,  hat  nutrition  studies  by  affy  (hi)  showed 
that  this  pigment  was  identical  to  riboflavin.  Mirimanoff  and  -affy  (29) 
concentrated  this  pigment  by  repeated  extractions  and  elutions  and  Haffy 
(ii2)  showed  that  its  fluorescence  spectrum  was  almost  identical  to  that 
of  riboflavin. 

Although  Guillermond  obtained  only  small  amounts  of  riboflavin 
from  A.  goasypii.  ’ Ickerhas,  et  al.,  (57),  using  an  orange-yellow 
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variant,  were  able  to  produce  38  milligrams  per  liter  after  8 days  on  an 
aerated  cerelo se -yeast  extract  medium  incubated  at  26  - 28°  C,  Hitter 
(Ijli)  separated  1.  ashbyii  into  two  strains,  a white  one  and  a yellow  one, 
and  found  that  the  yellow  one  produced  much  more  riboflavin  than  did  the 
white* 

Riboflavin  synthesis  has  since  been  demonstrated  in  the  following 

organisms*  Clostridium  aeetobatyllcum  ($9)t  Mycobacterium  smegmatis  (2h), 

* 

Aspergillus  flavus  (36),  tenicillium  crysogenaaa  (U9)»  and  species  of 
Candida  (51)  and  Fusarittm  (30)* 

* 

The  precise  conditions  required  for  the  growth  and  riboflavin 
production  of  E.  ashbyii  were  first  studied  by  Schopfer  (1*6) « Ms  found 

A 

* 

that  as  far  as  riboflavin  production  was  concerned  glucose  was  a better 
carbohydrate  source  than  maltose,  sucrose  or  levulose.  The  nitrogen 

f 

source  and  the  kinds  of  amino  acids  present  were  found  to  be  important, 

more  riboflavin  being  produced  on  a peptone  medium  than  on  any  other 

¥ 

natural  animal  or  vegetable  medium  tried.  Later  work  by  Schopfer  and 

f 9 9 

Ouilloud  (h7)  showed  that  arginine  and  leucine  could  replace  peptone  as 

*■  * *. 
far  as  riboflavin  production  was  concerned*  The  three  vitamins-  biotin, 

thiamine,  and  meso-inositol-  were  found  to  be  essential  factors  for 

growth.  Prior  to  this  time  the  work  of  Fries  (Hi)  and  Kogl  and  Fries  (19) 

had  shown  that  these  same  three  vitamins  were  required,  for  the  growth  of 

A.  gosaypli*  At  least,  they  postulated  that  biotin  was  required  and  that 

* 

thiamine  and  inositol  acted  as  complementary  factors  to  amplify  the 
action  of  biotin.  Dikanshaya  (ll)  later  reported  that  biotin  and  ino- 
sitol, but  not  thiamine,  were  required  for  growth  but  not  for  riboflavin 
production. 
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Chin  (8)  using  various  carbon  sources  on  £.  Ashbyii . reported 
that  on  a synthetic  medium  the  best  sources  of  carbon  -were  glycerol, 
glucose  and  sucrose,  with  ethyl  alcohol  next,  and  that  glycol,  ay  lose, 
and  mannitol  were  not  good  sources  of  carbon.  As  nitrogen  sources,  pep- 
tone, alanine,  asparagine,  glutamine  and  ammonium  sulfate  were  good,  but 
tryptophan,  tyrosine,  cystine,  cysteine,  histidine  end  urea  were  not, 
Pikanshaya  reported  that  E.  ashbyii  grew  better  on  a glucose- 
salt  medium  with  biotin,  inositol,  thiamine  or  casein  hydrolysate  than 
on  a medium  with  casein  autolysate,  peptone,  and  a combination  of  leu- 
cine,  arginine,  and  histidine  or  asparagine.  The  latter  medium  was  made 
more  active  by  the  addition  of  some  casein  hydrolysate  or  certain  nitrogen 
compounds  but  this  wore  active  growth  favored  lower  rather  than  higher 
yields  of  riboflavin,  Riboflavin  production  was  found  to  be  favored  by 

I » 

low  vitamin  content  and  sparse  mycelial  growth  and  seemed  to  be  particu- 
larly active  when  growth  of  the  organism  was  slowing  down  or  had  stopped. 
Chin  obtained  the  best  growth  at  25  - 30°  C.  at  pH  6,0  to  6.2  in 
a synthetic  medium  containing  1,0  per  cent  glucose,  0*2  per  cent 

* i * f r 

0,1  per  cent  HgSO^.yHgO,  0.1  per  cent  KaCI,  5.0  per  cent  rice  germ  ex- 
tract, and  5*0  per  cent  of  a nitrogen  source.  Remaud  and  Lachaux  (U3) 
obtained  their  largest  yield  of  riboflavin  in  2h  days  on  a medium  con- 
taining 1.2  per  cent  peptone  and  3,0  per  cent  glucose. 

Taw  (60)  reported  that  production  of  riboflavin  by  E,  ashbyii 
was  increased  by  the  addition  of  methionine  and  L-  histidine. 

Stephens  (U8),  using  a chromatographic  separation  of  peptone, 
was  able  to  show  that  some  fractions  of  peptone,  when  added  to  a medium, 
would  give  good  growth  of  A.  goasypii  with  riboflavin  formation,  whereas 


h 

other  fractions  would  give  growth  with  little  or  no  riboflavin  formation. 
He  found  that  a medium  containing  glutamic  acid  and  arginine  monohydro- 
chloride  as  the  only  nitrogen  sources  gave  very  good  growth  but  very 
slight  riboflavin  production.  glycine,  leucine,  or  leucine  and 

histidine  were  added  to  this  medium,  however,  noticeable  quantities  of 
riboflavin  were  produced,  Further  work  showed  that  when  a peptone  solu- 
tion was  treated  with  permutit  before  its  use  for  growing  cells  no  ribo- 
flavin was  produced,  A paper  chromatographic  analysis  of  the  perm  tit 
elution  showed  the  presence  of  several  basic  amino  acids.  A medium 
prepared  with  these  basic  amino  acids  as  the  source  of  nitrogen  gave 
good  growth  but  only  slight  fluorescence.  A water  extract  of  cells  of 
A,  gossypil.  grown  on  peptone  and  yeast  extract  medium,  added  to  new 
medium  stimulated  riboflavin  production  in  the  presence  of  glycine  but 
had  no  effect  in  the  absence  of  glycine. 

Since  the  commercial  source  of  riboflavin  for  several  years  has 
been  from,  microorganisms  several  workers  have  been  interested  in  studying 
the  growth  of  these  organisms  anti  their  riboflavin  production  on  cheep 
carbon  and  nitrogen  sources. 

Besieve  (9)  found  that  glucose  and  unrefined  materials  containing 
a large  proportion  of  glucose  were  good  sources  of  carbohydrate  whereas 
alcohols,  such  as  ethyl  alcohol  and  glycerol,  were  not.  He  reported  that 
yeast  water  and  beer  worts  were  good  sources  of  nitrogen  but  that  cystine 
in  concentrations  as  low  as  0.001  per  cent  reduced  the  growth  of 
E.  ashbyii  and  inhibited  the  formation  of  riboflavin. 

A patent  issued  to  Kudert  Gi5)  called  for  the  substitution  of  a 
metabolizable  lipid  such  as  corn  oil  or  lecithin  for  tee  carbohydrate 


5 

source.  Phelps  (32)  showed  that  the  addition  of  fatty  acid  glycerides 
increased  the  yield  of  riboflavin, 

Pierssa  (33)  showed  that  £.  ashbyii.  grown  on  a liquid  medium 
composed  of  1*5  - 2.0  per  cent  Balt  extract,  1.0  - 5.0  per  cent  animal 
protein  (such  as  tankage,  fish  meal,  liver,  pancreas,  spleen,  kidney, 
etc,)  and  0,25  - 1.5  per  cent  of  a carbohydrate  source  (such  as  solas ses 
or  com  syrup)  produced  150  - 200  gamma  of  riboflavin  per  milliliter  of 
medium  when  grown  with  continuous  aeration.  Piersma’s  medium  was  modi- 
fied by  Phelps  to  the  extent  that  the  animal  protein  was  replaced  with 
solubilized  casein.  udert  reported  that  the  length  of  time  for  fer- 
mentation depended  upon  the  incubation  temperature,  the  per  cent  of 
inoculant,  and  the  nutrient  content  of  the  mash,  but  that  fomentation 
was  usually  complete  in  50  - 90  hours  at  30°  C.  The  pH  suitable  for 
fermentation  was  reported  to  be  between  lu 5 and  9.1, 

lectors  affecting  the  commercial  production  of  riboflavin  by 
L*  gogsypli  were  studied  by  Tamer,  et  al.,  (50)  who  found  that  satis- 
factory nitrogen  sources  consisted  either  of  crude  animal  proteinaceous 
material  or  of  combinations  of  com  steep  liquor  with  aniral  materials 
such  as  animal  stick  liquor,  tankage,  and  meat  scraps.  As  the  source  of 
the  fermentable  sugar,  glucose,  maltose,  and  sucrose  were  assimilated 
but  pentoses  were  not.  Their  culture  was  maintained  on  agar  slants  con- 
taining 1,0  per  cent  glucose,  0,5  per  cent  peptone,  0,3  per  cent  yeast 
extract,  0,3  per  cent  malt  extract,  and  1,8  per  cent  agar.  Xonenklijke 
(20),  using  partially  hydrolysed  assimilable  carbohydrates  and  proteins 
from  both  animal  and  vegetable  sources,  obtained  yields  of  600  gamma  of 
riboflavin  per  milliliter  of  broth. 
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r Prldhara,  et  al.«  (39)  found  that  aerobic  submerged  fermentation 
cave  good  yeilds  of  riboflavin  at  low  costa*  fanner,  et  al.,  found  that 
for  commercial  production  of  riboflavin  the  best  temperature  was  between 
26  and  28°  €*,  and  that  the  best  pH  was  between  6*0  and  7.0*  loung 
inoculum  and  a mininasm  time  of  sterilisation  were  also  important  factors* 
• Along  with  the  increased  use  of  A,  gossygii  as  a eomrsereial 
source  of  riboflavin  came  an  interest  in  determining  how  and  why  this 
organise  produced  riboflavin  in  excess  of  its  own  needs.  Various  workers 
investigated  precursors  of  riboflavin  and  used  radioactive  compounds  to 
discover  the  pathway  of  riboflavin  formation. 

KaeLaren  (23)  found  that  xanthine  and  certain  other  purines 
stimulated  riboflavin  formation  in  £.  asfabyii,  whereas  pyrimidines  in- 
hibited it.  He  postulated  a possible  purine  pathway  of  riboflavin 
formation.  Adenine  was  found  to  be  a good  precursor  of  riboflavin  by 
KcN-utt  (2?)  who  showed  that  it  was  incorporated  principally  into  the 
6, 7-dimethyl  isoalloxazine  portion  of  the  molecule. 

?laut  (3l,  35)  showed  that  t-lh  labeled  formate,  bicarbonate, 
f-l-lli  or  C-2-lli  labeled  acetate,  or  C— 1 or  €—2  labeled  glycine  were  all 
incorporated  into  various  positions  in  the  riboflavin  molecule  produced 
by  A.  gossy-pii.  Identical  results  were  obtained  with  Glucose -l-lli  or 
Glucose-6-li;  which  suggested  that  both  ends  of  the  molecule  yielded 
similar  two  carbon  fragments  which  were  employed  in  building  up  the  first 
ring  of  the  riboflavin  molecule. 

Much  of  the  present  understanding  of  metabolism  is  due  to  data 
obtained  from  the  use  of  the  Warburg  apparatus.  This  gives  a convenient 
means  of  study  of  metabolic  transformations  which  may  occur  as  a part  of 
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the  overall  picture  of  metabolism.  It  was,  therefore,  logical  that 
Marburg  techniques  should  be  applied  to  th©  study  o the  metabolism  of 
A.  gossypli. 

Kickelsen  (26),  studying,  the  oxidation  of  glucose  by  A.  r:ogsypli, 
found  that  0.0001  M cyanide  completely  inhibited  respiration,  this  in- 
dicated that  a cytochrome  system  might  be  involved.  Glucose  oxidation 
was  completely  inhibited  by  0.01  M iodoacetate,  which  only  slightly  in- 
hibited the  endogenous  respiration.  Sodium  fluoride  in  concentrations 
of  from  0.01  M to  0.075  K completely  inhibited  glucose  oxidation  and 

t.  » t 

reduced  the  endogenous  respiration  by  k$  to  52  per  cent.  The  iodoacetate 
and  fluoride  inhibitions  indicated  that  phosphorylated  intermediates 

t > 

might  be  a part  of  the  oxidation  cycle.  Hickelson  found  that  riboflavin 
production  did  not  occur  during  the  early  stages  of  the  fermentation 
when  the  pH  was  low  and  the  sugar  being  rapidly  consumed  but  that  it 
started  after  the  su  ar  had  been  consumed  and  the  pH  had  risen.  ~o  it 
appeared  that  riboflavin  formed  after  maximum  growth  had  been  reached 

} 

and  that  its  fosngtlon  was  related  to  the  transformation  of  cellular  con- 
stituents synthesized  by  the  growing  mycelium  rather  than  by  a direct 
synthesis  from  compounds  added  to  the  medium.  Washed  mycelia  suspensions 
would  oxidize  glucose,  sucrose,  and  maltose,  but  not  lactose.  In  the 

1 I 

early  part  of  th©  fermentation  of  glucose  considerable  ethyl  alcohol  and 
traces  of  acetic  acid  were  formed,  but  ultimately  oxidation  proceeded 
almost  completely  to  carbon  dioxide  and  water.  Pyruvic,  succinic  and 
acetic  acids  and  ethanol  were  also  oxidized. 

Kickelson  and  Schuler  (27)  found  that  when  mycelial  suspensions 
of  A,  yossypii  were  cultured  in  the  presence  of  ethanol  their  ability  to 
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oxidize  acetate  was  increased  by  as  much  as  fourfold,  fuch  suspensions 
also  oxidized  alpha -ketoplutaric , succinic,  formic,  malic,  ox&lacctic, 
and  citric  acids.  Additions  of  small  amounts  of  alpha-ketoglutaric, 
succinic,  fumaric,  or  malic  acids  to  suspensions  which  were  oxidizing 
0,02  M acetate  stimulated  oxygen  consumption  beyond  that  of  additive 
values  from  the  substrate  and  added  acid,  Qxalacetic,  pyruvic,  and  cit- 
ric acids  had  no  stimulative  effects  on  acetate  oxidation.  Citric  acid 
was  apparently  synthesized  during  acetate  oxidation  and  the  amount  pro- 
duced was  increased  by  the  presence  of  oxalacetate.  Pried  mycelium  re- 
tained a rather  high  oxidative  activity  for  succinate  and  citrate  and  to 
a alight  extent  for  some  other  members  of  the  tricarboxylic  acid  cycle, 
but  completely  lost  its  activity  for  acetate  and  ethanol.  So  evidence 
was  obtained  for  a condensation  of  acetate  to  succinate  during  oxidation, 

B,  Use  of  the  Varburg  Apparatus  in  the 
Study  of  Metabolic  Processes 

. arburg  (55)  first  showed  that  animal  tissues  and  organs  could 
be  prepared  in  such  a way  that  metabolic  processes  could  be  carried  on 
after  their  removal  from  the  animal  body  and  that  this  metabolism  could 
be  followed  quantitatively  by  means  of  exchange  of  gases,  usually  oxygen 
and  carbon  dicocide*#  The  entire  apparatus  used  for  the  measurement  of 
this  exchange  of  gases  is  known  as  the  Barcroft-i  arburg  respirometer  and 
is  usually  considered  to  consist  of  a manometer  fitted  with  a removeable 
sample  vessel  and  a constant  temperature  water  bath  equipped  with  a 
thermo regulator,  stirrer  and  shaking  mechanism.  The  apparatus  been 
described  in  detail  by  Perkins  (31)*  The  moat  common  type  of  manometer 
used  is  referred  to  as  the  K arburg  or  constant  volume  re  spirometer. 
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A circular  type  of  bath  described  by  Lardy,  et  al..  (22)  is  now 
the  most  generally  used  type.  This  accomodates  more  manometers  per  given 
unit  of  space  than  the  rectangular  baths  and  it  is  equipped  -with  a ro- 
tating carriage  which  allows  the  manometers  to  be  brought  to  the  operator. 

, The  Marburg  vessels  may  be  equipped  with  one  or  two  sidearms  which 
sake  it  possible  to  change  the  chemical  environment  in  the  vessel  by 
adding  materials  to  it  during  the  course  of  the  reaction  (7). 

The  errors  of  measurement  were  reported  by  Dickens  and  Siser  (10) 
and  Dixon  (12),  who  estimated  the  total  error  inherent  in  the  manometrlc 
technique  Itself  to  be  approximately  2 per  cent  and  considered  an  overall 
error  of  *>  per  cent  with  experimental  work  to  be  very  good. 

Perkins  reported  that  the  major  limitations  of  the  Marburg  were* 

1-  Inability  of  the  oxygen  to  diffuse  frots  the  gas  phase  into  the  liquid 
phase  at  a sufficiently  rapid  rate. 

2-  Dependence  of  the  rate  of  gas  uptake  on  the  rate  of  shaking, 

3-  Insufficient  rate  of  absorption  of  carbon  dioxide  by  the  alkali 
present. 

ii-  Dae  of  i; -properly  designed  flasks  which  inhibit  diffusion  of  the  gas 
into  the  liquid. 

5-  Diffusion  of  gases  through  ground  glass  joints. 

The  two  cordon  methods  for  measuring  oxygen  consumption,  according 
to  Dmbreit,  et  al.,  (52)  are  the  direct  and  the  indirect  methods.  In  the 
direct  method  the  oxygen  uptake  by  living  tissues  (which  also  liberate 
carbon  dioxide)  is  measured  by  absorbing  the  carbon  dioxide  continuously 
in  alkali.  This  method  can  be  used  only  when  oxygen  and  carbon  dioxide 
are  the  only  gases  exchanged.  Under  other  conditions  the  indirect  method 
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Bust  be  used*  In  the  Indirect  method  two  flasks  contain  the  same  amount 
of  respiring  material  but  have  different  fluid  volumes.  It  must  be 
assumed  that  the  same  reaction  is  occurring  in  both  flasks  and  that  the 
amounts  of  oxygen  consumed  and  carbon  dioxide  liberated  td.ll  be  the  same  . 
in  both  cases. 

The  endogenous  respiration,  or  respiration  in  the  absence  of  a 
substrate,  has  frequently  been  assumed  to  continue  at  the  same  rate  after 
substrate  has  been  added.  Barker  (3),  Bouberoff  (13)  and  Van  Kiel,  et 
al.»  ( 5lt ) have  shown  that  endogenous  metabolism  is  frequently  inhibited 
when  an  external  substrate  is  added.  Van  Kiel  (53)  stated,  therefore, 
that  it  would  be  better  to  report  the  actual  data  for  both  endogenous 
respiration  and  respiration  in  the  presence  of  a substrate  rather  than 
corrected  values  only. 

Among  the  many  applications  of  Marburg  technique  toe  following 
might  be  listed*  studies  on  the  oxidation  of  ascorbic  acid  (!*),  fatty 
acid®  (5),  fatty  oils  (18),  and  tyrosine  (2l)j  respiration  of  wheat  (l) 
and  other  cereal  grains  (37) J microanalysis  of  gases  to  determine  nitro- 
gen fixation  (7)5  determination  of  glutathione  (£8)  and  Coensyme  I (2)  in 
tissues,  and.  arginase  (56)  in  blood j study  of  bacterial  growth  (16) j 
etasyme  purification  (65$  studies  on  photosynthesis  in  algae  (l5)j  and  the 
determination  of  cosymase  (ho)  and  catecholase  (28). 


II.  STATEMENT  OF  THE  PROBLEM 


Ashbya  gossypli  is  an  important  ceaasercial  producer  of  ribo- 
flavin.  Mach  is  known  about  the  conditions  which  are  required  in  order 

* i » ’ 

to  produce  large  yields  of  riboflavin,  yet  little  is  known  about  the 

metabolic  processes  involved.  This  study  of  the  respiration  of  Ashbya 

• * ' 1 » » 

nossypii.  both  under  those  conditions  where  it  produces  riboflavin,  and 

under  those  where  it  does  not,  was  undertaken  in  an  effort  to  find 
information  on  the  possible  metabolic  changes  associated  with  the  syn- 

t ■ • = y *’:? 

thesis  of  riboflavin. 


i 
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III.  KXFiKEKESm 


A.  The  Apparatus 

. 1.  The  colorimeter.  An  Evelyn  colorimeter  equipped  with  a light 

f , , ' •;  , 

bear:  galvanometer  was  used  for  the  turbidity  measurements,  the  turbidity 
varying  inversely  as  the  per  cent  transmission.  The  light  source  was 
passed  through  a green  filter  with  a dominant  transmitted  wavelength  of 
5l|0  millimicrons . The  galvanometer  was  set  at  100  per  cent  transmission 
against  distilled  water  and  the  turbidity  measurements  of  the  suspensions 
were  made,  in  test  tubes  calibrated  for  use  with  the  instrument,  by 
measuring  their  per  cent  light  transmission.  Suspensions  were  diluted 
to  the  desired  turbidity  by  the  addition  of  buffer. 

2.  The  shaker.  A platform  reciprocating  shaker  with  90  three 
inch  strokes  per  minute  was  used  to  maintain  aeration  of  the  organisms 
during  Incubation.  The  removable  top  of  the  shaker  contained  50  two  and 
one-half  inch  holes  to  accomodate  250  ml.  Erlenmeyer  flasks.  This  shaker 
was  kept  at  28°  C.  in  a constant  temperature  room. 

3*  The  pH  meter.  A Beckman  Model  B~2  line  operated  pii  meter 
equipped  with  a Beckman  glass  indicator  electrode  for  use  from.  0 to  11  pii, 
and  a saturated  calomel  reference  electrode,  was  used  for  all  pH  measure- 
ments. The  meter  was  standardized  each  time  before  use  against  a pH  7.0 
buffer,  prepared  from  a Beckman  concentrated  liquid  buffer  and  a pH  1*.6 
acetate  buffer. 

h.  The  Marburg  apparatus.  A Precision  Scientific  Company 
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circular  ’Warburg  apparatus  with  space  for  twenty  manometers  was  used 
according  to  the  procedure  described  by  Umbreit,  et  al.  A bath  tempera- 
ture of  30°  + or  - 0*01°  C.  was  maintained  through  all  experiments. 

» 

The  Warburg  flasks  were  prepared  in  the  following  maimer.  To  the 

«*  f » 

center  well  of  a Warburg  flask  was  added  0.2  ml.  of  20  per  cent  KQH  sol- 
ution, Filter  paper  was  cut  in  a if  by  3 cm.  strip,  then  folded  in 

t 

accordion  pleats  and  was  placed  in  the  center  well  in  order  to  Increase 
the  surface  of  the  alkaline  solution  exposed  to  the  air  in  the  flask. 

No  substrate  was  added  to  the  flask  when  endogenous  respiration,  or  res- 
piration in  the  absence  of  substrate,  was  to  be  measured.  Otherwise, 

the  required  volume  of  substrate  w?s  placed  in  the  sidearm.  The  glass 

> 

Bidearm  stopper  was  then  inserted  and  covered  with  a rubber  policeman  in 
order  to  avoid  leakage  through  the  gas  vent.  Sufficient  buffer  was 
placed  in  the  main  body  of  the  flask  to  make  a total  liquid  volume  of 
2.2  ml.  including  the  liquid  in  the  sidearm.  One  milliliter  of  a pre- 
pared cell  suspension  was  then  added  to  the  flask  and  the  flask  was  at- 
tached to  the  manometer.  Then  the  flask  was  imrersed  in  the  constant 
temperature  bath  and  was  allowed  to  ecuilibriate  by  shaking  for  10  min- 
utes with  the  manometer  open  to  the  air.  At  the  end  of  this  time  the 
manometer  was  closed  and  the  initial  reading  was  taken  by  adjusting  the 
closed  ana  of  the  manometer  to  250  mm.  and  reading  the  open  aim  of  the 
manometer.  The  flask  w&e  then  closed  to  the  air  and  subsequent  readings 
were  taken  on  the  open  arm  of  the  manometer  at  the  desired  time  intervals, 
the  closed  arm  of  the  manometer  being  adjusted  to  250  mm.  before  each 
such  reading. 

A thermobarometer,  which  serves  as  a control  on  atmospheric 


Hi 

pressure  and  temperature  changes,  vras  run  la  the  sane  manner  with  each 
set  of  flasks.  This  thermobaroneter  consisted  of  a Warburg  flask  and 
nanometer  assembly  in  which  the  flask  contained  oily  3*0  nl.  of  pH  6.0 
buffer  and  0.2  nl.  of  20  per  cent  KOM  In  the  center  well.  The  reading 
of  the  themobaroneter  ws  added  to  or  deducted  from  the  reading®  of  the 
other  manometers  depending  upon  whether  the  theraobaroraeter  reading 
represented  an  increase  or  a decrease. 

Each  reading,  after  correction  for  the  t?v;rvtobaroaaeter,  gave  the 
difference  in  pressure  between  the  interior  of  the  flask  and  the  open 
air  and  from  it  the  volume  of  gas  absorbed  by  the  respiring  cells  was 
calculated  according  to  the  equation 


where  x is  microliters  of  gas  at  standard  pressure  and  temperature j h is 
the  observed  change  in  ran.  on  the  open  aide  of  the  manometer*  Vg  is  the 
volume  of  gas  in  the  flask  includin'-  connecting  tubes  down  to  the  level 
of  the  manometer  fluid*  Vf  is  tiie  volume  of  all  liquids  in  the  flask*  k 
is  0.027,  the  solubility  of  oxygen,  expressed  in  milliliters,  per 
milliliter  of  liquid  in  the  flask  at  30°  C,,  when  the  oxygen  is  at  a 
pressure  of  one  atmosphere*  T is  the  absolute  temperature  of  the  water 
bath  or  303°  A.*  and  ?Q  is  standard  pressure  expressed  in  terras  of  the 
manometer  fluid  used,  Brodiete  solution,  which  has  a specific  gravity 
of  1.033,  was  used  as  the  manometer  fluid  so  that  P0  was  10,000  mm. 

The  flask  volume  is  determined  from  the  weight  and  the  density 
of  mercury  required  to  fill  the  flask.  Since  the  fluid  volume  is  con- 
stant at  3.2  ml.,  this  value  can  be  subtracted  from  tee  total  flask 
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volume  to  give  the  gas  volume  of  the  flask.  For  constant  conditions, 
then,  the  quantity 

Tg  ♦ »f 

»• 

remains  constant  for  any  one  flask  and  is  known  as  the  flask  constant. 

> 

Osing  the  equation 

x ■ hk 

■where  k is  the  flask  constant,  the  millimeters  pressure  change  can  be 
converted  directly  to  micro liters  of  oxygen  absorbed*  The  volumes  and 
flask  constants  of  the  flasks  used  are  given  in  Table  1. 

TABLE  1 

VOLUMES  A HD  FLASK  CONSTANTS  OF  TEE  VAKB9BQ  FLASKS  USED 


Flask 

Number  Total  volume  Gas  volume  Flask  constant* 


ml. 

ml. 

\ 

19.180 

15.980 

1.10*8 

19.119 

15.919 

1.10*3 

18.356 

15.156 

1.37k 

19.811* 

16.611* 

1.506 

20.671 

17.1*71 

1.583 

19.916 

16.71*6 

1.517 

18.665 

15.1*65 

1.1*02 

(Table  continued  on  following  page) 
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TABLF  1 (continued) 


Flask 

Number 

Total  volume 

Gas  volume 

-lask  constant 

mi. 

ml. 

8 

17.568 

11.368 

1.30b 

9 

19.161 

15.96b 

l.bb7 

» 

10 

17.229 

Hi. 029 

1.273 

11 

20.989 

17.789 

1.611 

12 

19.662 

16,1}  62 

l.b83 

13 

19.126 

15.926 

l.biib 

Hi 

19.602 

16.U02 

l.b78 

> 

15 

20.189 

16.989 

l.5bo 

16 

18.811 

15.611 

l.bl6 

17 

17.232 

Hi  .032 

1.273 

18 

21.023 

17.823 

1.615 

The  other  values  needed  for  the  calculation  of  the  flask  constant  are* 
▼f  is  3.2  nil.,  T is  303°  A.,  P0  is  10,000  and  is  0.027. 


B.  Cell  Techniques 

« * t 

1.  Maintenance  of  the  culture.  A culture  of  A.  gossypli . strain 

4 i * 

NiRL-.Y-.1056,  obtained  from  the  Northern  iegional  Research  Laboratory  in 

i 4 4 

Peoria,  Illinois,  was  maintained  on  agar  slants  containing  2.0  per  cent 

4 4 4 

glucose,  1.0  per  cent  peptose,  0.5  per  cent  yeast  extract,  and  1.8  per 

* 4 4 

cent  agar.  Every  two  or  three  days,  transfers  were  made  to  new  slants 

4 * -i 

which  were  grown  at  28°  C.  in  an  incubator  room. 

* » t 

2.  Production  of  cells  for  experimental  purposes.  The  cells  were 
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grown  on  a basal  limit1  culture  medium  prepared  by  dissolving  0*1  g. 

KHgPOk,  0*1  g.  KgiiPOjj,  0.05  g.  N«C1,  0.0$  g.  KgSOjj,7H20,  2.0  g.  glucose, 

3.0  mg.  inositol,  0.3  mg.  thiamine,  2.0  ug.  biotin,  and  approximately 
$0  mg.  of  nitrogen  from  the  desired  nitrogen  source  in  sufficient  dis- 
tilled water  to  make  100  ml.  of  solution.  The  pH  of  tills  medium  was 
adjusted  to  6.5  with  a 20  per  cent  K0B  solution,  except  where  peptone  was 
used,  as  the  nitrogen  source.  In  this  case  the  pH  of  the  medium  was  approx- 
imately 6,5  without  further  adjustment.  The  medium  was  then  transferred 
to  250  ml.  Erlenmeyer  flasks,  20  ml.  being  placed  in  each  of  duplicate 
flasks.  The  flasks  were  sterilised  at  15  lbs.  pressure  for  20  minutes 
and  they  were  removed  from  the  autoclave  as  soon  as  it  had  cooled  to 
212°  F. 

An  inoculum  was  made  from  a 2 day  old  agar  slant  by  adding  10  ml. 
of  water  to  a slant,  scraping  the  mat  of  growth  from  the  agar,  and 
breaking  it  up  with  a nlchrome  wire  loop.  The  cells  were  then  centri- 
fuged, washed  twice  with  10  ml.  portions  of  water  and  finally  made  up  to 
a volume  of  10  ml.  with  water,  sterile  distilled  water  being  used  at  all 
times  during  the  preparation  of  the  inoculum.  This  produced  a suspension 
with  a turbidity  of  between  1*0  and  60  per  cent  transmission.  One  milli- 
liter of  this  suspension  was  placed  in  each  of  the  flasks  to  be  inoculated, 
inoculations  being  made  in  duplicate.  The  flasks  were  then  placed  on  the 
reciprocating  shaker  and  held  at  28°  C.  in  the  constant  temperature  room. 
The  flasks  were  removed  from  the  shaker  for*  measurement  when  the  desired 
age  of  cells  had  been  reached. 

3.  Preparation  of  the  cell  suspensions.  After  the  flasks  were 
removed  from  the  shaker  the  cells  from  the  duplicate  flasks  were  combined. 
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centrifuged,  washed  twice  with  10  ml.  portions  of  0.1  K phosphate 
buffer  (either  pH  6.0  or  pH  8.0)  and  then  homogenized  with  buffer  in  a 
faring  blendor.  After  homogenization  the  cells  were  washed  once  more 
with  10  ml,  of  buffer  and  the  suspension  was  made  up  to  the  desired  tur- 
bidity by  the  addition  of  buffer.  The  pH  6.0  buffer  was  prepared  by 
mixing  12  ml.  of  0.1  M KagilPO^  (lh.21  g/l)  with  88  ml.  of  0.1  M Ki^PQfc 
(13.62  g/l).  The  pH  8.0  buffer  was  made  by  mixing  97  ml.  of  0.1  M 
NagHPOjj  with  3 ml.  of  0,1  M KtigPOfo,  The  buffers  were  stored  in  the 
refrigerator  at  all  times  when  they  were  not  in  use  and  while  they  were 
being  used  they  were  placed  in  a beaker  cf  crushed  ice  and  water. 

After  each  washed,  homogenized  cell  suspension  was  prepared  a 
1 ml.  portion  of  the  suspension  was  transferred  to  the  Warburg  flasks 
using  a 1 ml.  delivery  pipette. 

In  order  to  determine  the  dry  weight  of  cells  in  each,  suspension 
a 10  ml.  aliquot  was  filtered  with  suction  onto  a previously  dried  and 
wei  bed  filter  paper.  The  filtered  cells  were  placed  in  a drying  oven  at 
100°  C.  overnight  and  then  weighed.  The  weight  of  the  cells  was  cal- 
culated by  difference, 

AH  cell  suspensions  used  in  the  following  studies  were  prepared 
as  given  above  except  where  otherwise  noted, 

C . Experiments 

Some  of  the  experiments  in  this  study  were  made  to  determine 
variables  within  the  technique  which  would  need  to  be  controlled  to  ob- 
tain optimal  conditions  for  the  Warburg  runs.  Other  experiments  deal 
with  the  effects  of  various  substances  in  the  growth  media,  as  well  as  in 
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the  Warburg  flasks,  on  respiration* 

1*  Effect  of  homogenisation  of  cell  suspensions.  The  growth  of 
A.  goss.ypil  occurs  in  clumps  so  that  it  is  difficult  to  prepare  homo- 
geneous suspensions.  Thus  it  was  decided  to  study  the  effects  of  homo- 
genization using  the  Waring  blendor. 

A washed  suspension  of  2k  hour  cells  grown  on  the  basal  medium 
with  0.172  per  cent  added  peptone  was  prepared.  One  aliquot  of  the  sus- 
pension was  removed  before  homogenization?  the  rest  of  the  suspension 
was  homogenised  in  the  blendor.  Aliquots  were  removed  from  the  blendor 
after  5,  10,  15,  and  20  second  homogenization  periods,  each  aliquot 
was  adjusted  with  pH  6*0  buffer  to  a transmission  of  50  per  cent. 

Warburg  flasks  were  set  up  in  duplicate  to  measure  the  endogenous 
respiration  for  each  aliquot  and  were  run  for  90  minutes  in  the  Warburg 
at  a shaking  rate  of  115  strokes  per  minute.  The  results  are  given  in 


Table  2. 

These  results  show  that  not  only  does  a 5 second  homogenization 
period  give  better  duplicate  results  but  it  also  gives  an  increase  in 
the  respiration*  The  10,  15,  and  20  second  homogenization  periods  also 
showed  good  duplication  of  results  but  the  respiration  was  decreased  to 
a large  extent. 

The  increase  in  re  piration  of  the  5 second  homogenization  over 
no  homogenization  may  have  been  due  to  the  breaking  up  of  clumps  of  cells 
or  aggregates  of  cells  so  that  more  surface  was  exposed  to  the  flask 
medium.  The  decrease  with  longer  periods  of  homogenization  was  perhaps 
due  to  destruction  of  a portion  of  the  cells  thus  decreasing  the  numbers 
of  respiring  cells.  As  a result  the  5 second  period  of  homogenization 
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was  selected  for  this  treatment  of  the  cell  suspensions  in  other  experi- 
ments , 

TABLE  2 

•T 

TOTAL  MIC  SOUTHS  OF  QXYGFS  fftKHf  UP  IS  90  MINUTES 
BY  A 2h  HOUR  PEPTONE  CELL  SUSPENSION* 

WITH  VARIOUS  TIMES  OF  HGWOOmZATJO# 


Time  of 
homogenization 

Oxygen  absorbed 
Endogenous 

sec. 

uL 

0 

8U.1  . 

73.1 

5 

92.6 

90.1* 

10 

56.1* 

53.1 

15 

1*7.7 

U5.8 

20 

1*0.0 

1*6.7 

Cell  suspension  was  diluted  to  50  per  cent  transmission. 

2*  Effect  of  position  of  the  therrobarometr-y  on  respiration 
measurements,  It  was  noted  during  several  early  runs  that  thermobarom- 
eter corrections  were  extremely  high  at  times  and  seemed  to  vary  some- 
what with  the  position  in  the  bath  where  a flask  was  located.  Since  one 
theraobarometer  serves  as  a central  on  temperature  and  pressure  changes 
for  all  of  the  manometers  on  the  Warburg  at  any  one  time  it  seemed  ad- 
visable to  check  whether  the  position  of  the  flask  and  .manometer  on  the 
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bath  had  any  effect  on  the  observed  readings. 

Four  flasks  were  set  up,  each  containing  3,2  ml,  of  pH  6,0  buffer 
only.  These  flasks  were  attached  to  the  nanometers  and  were  placed  in 
the  aarburg,  one  each  on  the  north,  south,  east,  and  west  positions  of 
the  water  bath.  Readings  were  taken  at  various  tine  intervals  over  a 
period  of  1U0  minutes.  The  total  changes  in  volume  during  this  tine 
are  shown  in  Table  3, 

During  the  above  run  it  was  noticed  that  a "dead  spot"  occurred 
at  the  surface  of  the  water  bath  between  the  north  and  west  sides  of  the 
bath  near  the  heating  cell.  There  appeared  to  be  little  effect  of  stir- 
ring in  this  position  which  possibly  accounted  for  the  higher  reading 

i 

from  the  manometer  located  on  the  west  side  of  the  bath.  The  blades  of 
the  stirrer  were  bent  up  to  give  increased  circulation  which  apparently 
eliminated  the  "dead  spot".  After  this  adjustment  of  the  stirrer  another 
run  was  made  in  the  same  manner.  Identical  runs  to  further  study  the 
effect  of  position  of  the  thermobarometer  were  made  in  July  and  October, 
The  total  changes  in  volume  that  occurred  during  UjO  minutes  in  the 
Warburg  in  the  above  runs  are  given  in  Table  3, 

The  original  results  and  the  results  obtained  after  the  adjust- 
ment of  the  stirrer  indicate  that  the  condition  which  caused  the  high 
readings  was  at  least  partially  corrected  by  the  adjustment  of  the 
stirrer.  In  the  case  of  the  July  run,  the  room  door,  which  opened  on 

j 

the  northwest  corner  of  the  Warburg,  was  open  and  sunlight  was  coming 
into  the  room  when  the  run  was  made.  No  readings  of  air  temperature  were 
made  but  it  may  be  sup  osed  that  the  temperature  was  higher  at  the  north 
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TABLE  3 

TOTAL  VOUJME  CHANGES  OF  THEHMOBASCKETERS 
IN  lhO  MINUTES  IN  THE  WARBURG 


Rim 

Total  change*  for  each  position  on  the  bath 

North 

South 

East 

viit 

uL 

uL 

uL 

uL 

Before  stirrer  adjustment 

- 0.5 

♦ 1.0 

♦ 0.5 

♦ 6.5 

After  stirrer  adjustment 

♦ 3.5 

♦ 2.0 

+ 2.5 

♦ 2.0 

July 

♦12.5 

♦ 9.S 

♦ 8.5 

♦ 7.5 

October 

♦18.0 

♦17.0 

♦17.0 

+12.0 

Plus  readings  indicate  an  increase  over  the  initial  reading  and  pHrmp 
reading  indicates  a decrease  from  the  initial  reading. 


manometer  than  it  was  at  the  other  manometers*  A check  of  air  temperature 
was  made  Airing  the  October  run.  The  temperature  of  the  air  near  the  west 
manometer  was  one  degree  lower  than  that  near  either  of  the  other  mano- 
meters, which  could  account  for  the  lower  reading  by  the  theraobarometer 
in  that  position.  Since  air  temperature  has  an  effect  on  the  temperature 
of  the  apparatus  outside  the  bath,  an  attempt  was  made  at  all  times  to 
acvoid  drafts  and  direct  sunlight  which  could  cause  temperature  changes  in 
the  theraobarometer  to  veiy  from  position  to  position  on  the  Warburg. 

Subsequent  runs  were  made  with  the  theraobarometer  Just  north  of 
the  east  side,  since  this  position  appeared  to  give  the  best  results. 

The  theraobarometer  was  the  last  manometer  to  be  read  in  each  run  so  that 

-V 

it  made  a full  circle  of  the  bath  each  time  before  its  reading  was  taken. 
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3.  Effect  of  rate  of  shaking  in  the  Warburg  apparatus  on 
respiration  measurements.  A suspension  of  2li  hour  cells  grown  on  the 
basal  medium  with  0.172  per  cent  added  peptone  was  prepared  to  study  the 
effects  of  rate  of  shaking  of  Warburg  flasks  on  the  respiration  measure- 
ments, since  the  rate  of  shaking  is  one  of  the  major  limiting  factors  in 
the  ability  of  oxygen  to  diffuse  fro®  the  gas  to  the  liquid  phase  of  the 
flask  medium • The  suspension  was  diluted  with  pH  6.0  buffer  to  a 20  per 
cent  transmission  and  aliquots  were  run  in  the  Warburg  at  three  different 
rates  of  shaking-  100,  118,  and  1$2  strokes  per  minute-  in  order  to  de- 
termine whether  there  were  any  differences  in  the  amount  of  oatygen  ab- 
sorbed. by  the  cells.  For  each  shaking  rate  four  samples  were  run,  two 
of  which  contained  0,5  ml.  of  0.1  K glucose  as  substrate,  and  two  of 
which  contained  no  substrate  to  determine  endogenous  respiration.  Ali- 
quots of  the  suspension  were  run  immediately  after  preparation  of  the 

i 

suspension  at  the  100  stroke  per  minute  rate.  In  a similar  manner,  ali- 
quots of  the  suspension  were  run  at  the  118  and  132  stroke  per  minute 
rates.  Since  it  takes  about  one  hour  to  make  a run,  the  suspensions 
were  stored  at  10°  C.  in  a refrigerator  for  one  and  two  hours  before  the 
118  and  132  stroke  per  minute  rates,  respectively.  In  each  case  the 
total  volume  of  oxygen  was  recorded  after  50  minutes.  The  results  are 
given  in  Table  U. 

These  results  show  that  approximately  the  same  respiration 
measurements  are  obtained  with  all  three  different  rates  of  shaking. 
Obviously,  since  there  is  no  increase  in  oxygen  uptake  with  increased 
rate  of  shaking,  the  rate  of  diffusion  of  oxygen  between  the  gas  and 
liquid  phases  of  the  flask  medium  is  not  a limiting  factor  at  these  rates. 


TABLE  U 

. respiration  mAmwmam  at  various  rates 

OF  SHAKING  A CELL  SUSPENSION* 


Strokes  per 
minute 

Oxygen  absorbed/  50  min. 

Endogenous 

Substrate** 

Substrate  minus 
Endogenous 

Ave, 

ST 

uli 

uL 

100 

11.7 

99.3 

19.5 

69.7 

68*9 

118 

33*6 

93,9 

30,9 

89,0 

59,2 

132 

19.3 

69.2 

31.3 

103,2 

60,8 

♦Suspension  prepared  from  2h  hour  peptone  cells  and  diluted  to  20  per 
cent  transmission, 

**Sub3trate  consisted  of  0,5  ml.  of  0,1?'..  glucose  per  Warburg  flask. 


Any  one  of  the  rates  of  shaking,  then,  should  be  satisfactory  for  the 
particular  working  conditions  involved.  The  118  stroke  per  minute  rate 
was  arbitrarily  chosen  for  use  in  the  subsequent  experiments. 

U,  Lffect  of  the  amount  of  inoculum,  in  the  growing  of  cells 


used  for  suspensions,  on  respiration  neasurmenta.  In  order  to  study  the 
effect  of  the  amount  of  inoculum,  duplicate  flasks,  containing  the  basal 
medium  with  0,1?2  per  cent  added  peptone  as  the  nitrogen  source,  were  in- 
oculated with  0,1,  0,5,  1,0  and  1,5  ml,,  respectively,  of  a cell  suspen- 
sion prepared  in  the  usual  manner.  After  2i*  hours  incubation  the  con- 
tents of  duplicate  flasks  were  pooled  and  diluted  to  i*0  ml,  with  distilled 
water,  after  which  pH  and  turbidity  measurements  were  made.  The  results 
obtained  are  given  in  Table  5, 
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TABLE  5 


THE  EFFECT  OF  AMOUNT  OF  INOCULUM  OK  GROWTH 
AND  pH  IN  PEPTONE  MEDIUM 


Amount  of  Inoculum 

Transmission 

pH 

ml. 

per  cent 

0.1  • 

51.5 

6.30 

o.5 

la.o 

6.35 

1.0 

3U.5 

6.1j0 

1.5 

35.5 

6.30 

The  above  cells  were  -washed  in  the  usual  manner  and  dilated  with 
pH  6.0  buffer  to  prepare  cell  suspensions  with  a turbidity  of  50  per  cent 
transmission*  A 10  ml.  aliquot  of  each  of  the  h suspensions  was  dried  at 
78°  C.,  and  weighed,  in  order  to  determine  the  dry  weight  of  each  suspen- 
sion. Respiration  measurements  were  made  on  these  suspensions,  half  of 
the  samples  in  each  case  being  run  with  0.5  ml.  of  0.1  K,  glucose  as  sub- 
strate, and  the  other  half  being  run  without  substrate  to  determine  the 
endogenous  respiration.  All  samples  were  run  in  the  Marburg  for  XLO  min- 
utes and  the  oxygen  uptake  in  each  case  was  calculated  as  microliters  of 
oxygen  per  milligram  of  dry  weight  of  cell  suspension  in  the  Warburg 
flask.  The  results  obtained  are  shown  in  Table  6. 

The  results  in  Table  6 show  that  the  greatest  respiration  with 
glucose  occurs  in  the  cells  originally  started  with  0.1  ml.  of  inoculum. 
The  growth  in  this  case,  however,  is  less  than  with  the  larger  amounts  of 
inoculum,  as  can  be  seen  from  the  data  in  Table  5.  This  increased 
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TABLE  6 


THE  EFFECT  OF  AF^UNT  OF  IWOCULUE  ON  RESPIRATION  mSUREMEMTS 

OF  CELL  SC3FEHSIC#8* 


Oxygen  absorbed/  m.  of  cello/  UtO  min. 

Amount  of  Endogenous  Substrate1** ' Substrate  minus  Dry 

Inoculum  Endogenous  Weight 


Ave. 


sr~~ 

ul 

5Z 

mg/ml 

0.1 

33.0 

9h.  2 

( T 

32.2 

• . .i 

83.8 

56.lt 

1.58 

o.5 

1*3.3 

70.lt 

35.7 

76.3 

38.9 

1.61 

1.0 

21.3 

60.8 

20.1* 

83.2 

51.2 

l.lt2 

1.5 

23.lt 

8lt.9 

26.6 

60.9 

U6.9 

l.it0 

Suspensions  prepared  from  21*  hour  peptone  cells  and  diluted  to  50  per 
cent  transmission. 

Substrate  consisted  of  0.5  ml.  of  0.1  K.  glucose  per  Warburg  flask. 


respiration  with  toe  0.1  ml.  inoculum  may  be  due  to  the  cells  still  being 
in  toe  logarithmic  phase  of  growth  at  the  end  of  2it  hours,  where  metabolism 
is  being  carried  out  at  an  extremely  rapid  rate  and  the  need  for  glucose  is 
greatest.  However,  because  of  the  decreased  growth  obtained  with  this 
amount  of  inoculum,  0.1  ml.  was  considered  to  be  unsatisfactory . The 
highest  respiration  among  the  three  hi  her  amounts  of  inoculum  was  ob- 
tained with  the  1.0  ml.  amount  of  inoculum.  This  amount  of  inoculum  was 
considered  to  be  satisfactory  and  was  used  in  all  subsequent  experiments, 

5.  Effect  of  concentration  of  the  cell  suspension  in  toe  iarburg 
flasks.  A washed  suspension  of  1*8  hour  cells  grown  on  the  basal  medium 
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with  0.172  per  cent  added  peptone  was  prepared  to  study  the  effect  of 
the  concent rat ion  of  the  cell  suspension  on  respiration  measurements. 

This  suspension  was  divided  into  three  portions  which  were  diluted,  with 
pH  6.0  buffer  to  make  suspensions  with  transmissions  of  10,  20,  and 
35  per  cent.  A 5 ml.  aliquot  of  the  10  per  cent  transmission  suspension 
and  10  ml.  aliquots  of  the  20  and  35  per  cent  transmission  suspensions 
were  used  to  determine  the  cry  weight  of  each  suspension.  Aliquots  of 
each  suspension  were  run  in  the  Warburg  for  lfcO  minutes,  half  of  these 
in  each  case  being  run  with  0.5  ml,  of  0.1  1.  glucose  as  substrate,  and 

! i 

the  other  half  without  substrate  to  determine  the  endogenous  respiration. 

The  respiration  in  each  case  was  calculated  as  micro lit era  of  oxygen  per 

* * 

milligram  dry  weight  of  cell  suspension.  The  results  obtained  are  shown 
in  Table  7. 

These  results  show  that  a slight  increase  in  respiration  per 
milligram  of  dry  weight  of  the  suspension  was  obtained  with  the  most  con- 
centrated cell  suspension  used.  This  increase  was  obtained  with  the 
endogenous  respiration  as  well  as  with  the  respiration  in  the  presence  of 
glucose.  Although  errors  of  measurement  may  be  less  in  the  case  of  the 
highest  cell  concentration,  since  larger  weights  and  volumes  are  involved, 
the  differences  obtained  among  the  three  concentrations  were  not  great. 
Whenever  possible  in  the  subsequent  experiments  a cell  concentration,  of 
20  per  cent  transmission,  or  greater,  was  used,  the  20  per  cent  trans- 
mission suspension  in  most  cases  being  the  most  convenient  one. 
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TABLE  ? 

RESPIRATION  MEASUREMENTS  ON  CELLS  CSBK3  DIFFERENT 
SUSPENSION*  CONCENTRATIONS 


Suspension 

Transmission 

Oxygen  absorbed/mg.  of  cells/  lij.0  min. 

Endogenous 

Substrate**  Substrate  minus 
Endogenous 

Ave. 

t)ry 

Weight 

per  cent 

uL 

sir 

rag/ml 

10 

18  ,b 

28.8 

1 9.6 

28.5 

9.7 

5.68 

20 

11.9 

21.0 

1 3,1 

20.2 

8.1 

2.79 

35 

lh.9 

22.0 

11.8 

— n ■■  " 

8.6 

1.37 

■j 

Suspension  prepared  fror.  I48  hour  peptone  cells. 


**  Substrate  consisted  of  0.5  ml.  of  0.1  K.  glucose  per  Warburg  flask. 
***Sairsple  discarded  because  of  a leak  in  the  connections. 

6.  Effect  of  storage  of  the  cell  suspension  at  10°  C. , on 
respiration  measurements . The  effect  of  cold  storage  was  investigated 
to  determine  its  effect  on  subsequent  respiration  measurements,  since 
experiments  could  be  accomplished  much  more  efficiently  if  many  variables 
could  be  studied  on  one  suspension.  This  would,  of  course,  require  that 
tiie  suspension  be  stable  during  such  storage.  Accordingly,  a washed 
suspension  of  I»8  hour  cells  grown  on  the  basal  medium  with  0.172  per  cent 
added  peptone  as  the  nitrogen  source  was  prepared.  The  suspension  was 
diluted  with  pH  6.0  buffer  to  20  per  cent  transmission.  Some  of  the 
suspension  was  used  in  the  Warburg  flasks  immediately  after  it  had  been 
prepared.  The  rest  of  the  suspension  was  stored  in  a cork  stoppered 
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125  ml,  Erlenmeyer  flask  in  the  refrigerator  at  10°  C#,  for  2h  hours 
before  it  was  used.  A 5 ml,  aliquot  of  the  original  suspension  was 
used  to  determine  the  dry  weight  of  the  cell  suspension.  This  dry 
weight  value  was  assumed  to  be  constant  during  storage.  Eight  replicate 
flasks  were  set  up  for  both  the  suspension  and  the  stored  portion  of  the 
suspension  and  were  run  in  the  Warburg  for  HiO  minutes.  Half  of  the 
flasks  in  each  case  were  run  with  0,5  ml.  of  0.1  K glucose  as  substrate, 

and  the  other  half  of  the  flasks  were  run  without  substrate  to  determine 

* * * * 

the  endogenous  respiration.  The  respiration  was  claculated  as  micro- 
liters of  oxygen  per  milligram  dry  weight  of  the  suspension.  The 
results  from  both  the  original  suspension  and  that  after  2h  hours 
storage  are  reported  in  Table  8. 

TABLE  8 

9 |*  r e f 

RESPIRATION  MEASURE  ENTS  08  A CELL  SUSPETSSIjN* 

BEFORE  AND  AFTiR  2h  HOURS  COLT?  STORAGE 


Suspension 


_ Ogeen  abeorW  ng.  of  cells/  lho  niirnte. 

Endogenous  Substrate** Substrate  minus  endogenous 


Original 


After  2h 
hours 


uL 

uL 

58a 

93.U 

56.5 

86.1 

55.1 

95.6 

56.8 
Ave.  WZ 

fltf 

65,5 

86,7 

56.1* 

73.9 

66.3 

83.0 

62.2 

Ave. 

76.3 

Soto 

“uT" 


35.9 


17.1* 


* Suspension  prepared  from  1*8  hour  peptone  cells  and  diluted  to  20  per 
cent  transmission.  Dry  weight  was  1.68  mg.  per  ml.  of  suspension. 

**Substrate  consisted  of  0,5  ml.  of  0.1  H.  glucose  per  Warburg  flask. 
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The  results  show  that  in  the  stored  suspension  the  endogenous 
respiration  increased  slightly,  whereas  the  glucose  oxidative  ability 
decreased.  A decrease  in  both  would  be  expected  if  the  only  effect  of 
cold  storage  were  a decrease  in  activity  of  the  cells.  The  apparent 
slight  decrease  in  values  for  substrate  minus  endogenous  respiration 
shown  in  Table  b after  the  storage  for  one  or  two  hours  at  10°  C.,  may 
result  from  the  storage  rather  than  from  an  effect  of  shaking  rate.  In 
view  of  the  change  which  occurs,  it  was  thought  inadvisable  to  store 
any  suspensions  before  they  were  run  in  the  Warburg.  Consequently,  the 
respiration  of  all  cell  suspensions  was  measured  as  soon  as  the  sus- 
pensions were  prepared. 

7.  Effect  of  concentration  of  glucose  on  respiration  measure- 
ments. Although  previous  experiments  with  glucose  showed  no  decrease 
in  the  rate  of  oxygen  uptake  during  the  time  intervals  of  study,  it  was 
thought  advisable  to  determine  whether  the  concentration  of  glucose  used 
had  any  effect  on  the  respiration  measurements.  Accordingly,  a washed 
suspension  of  U8  hour  cells  grown  on  the  basal  medium  with  0.17?  per 
cent  added  peptone  was  prepared  to  study  the  effect  of  the  concentration 
of  glucose  added  as  substrate  to  the  Warburg  flasks.  The  suspension  was 
diluted  with  pH  6.0  buffer  to  a final  turbidity  of  2?  per  cent  trans- 
mission. A 10  ml.  aliquot  was  used  for  the  determination  of  the  dry 
weight  of  the  suspension.  The  following  amounts-  O.b,  0.5,  0.6,  and 
0.7  ml.  - of  0.1  H.  glucose  were  added  to  duplicate  flasks.  All  of  the 
samples  were  run  in  the  Warburg  for  IbO  minutes.  The  respiration  was 
calculated  as  microliters  of  oxygen  per  milligram  dry  weight  of  the  sus- 
pension. The  results  are  given  in  Table  9. 
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TABLE  9 


RESPIRATION  MEASUHBCNTS  ON  A CELL  SUSPENSION* 
WITH  DIFFERENT  CONCENTRATIONS  OF  GLUCOSE 
ADDED  AS  SUBSTRATE 


0.1  M.  Glucose 

aaBgxjarw.  ■ 

Oxygen  absorbed/mg. 
of  cells/liiO  min. 

ml. 

uL 

0.0 

21.8 

20.6 

0.1* 

30.7 

30.7 

0.5 

28.7 

28.6 

0.6 

31.0 

30.9 

0.7 

35.2 

36.7 

*Suspension  prepared  from,  1*8  hour  peptone  cells  and  diluted  to  25  per 
cent  transmission.  Dry  weight  was  2,06  mg*  per  ml.  of  suspension. 


The  results  in  Table  9 show  that  0.1*  ml.  of  0.1  M.  glucose  is 
sufficient  substrate  so  that  it  is  not  a limiting  factor  in  the  respira- 
tion measurements.  However*  to  be  sure  that  an  excess  of  glucose  was 
present  0.5  ml.  of  0.1  M glucose  was  chosen  as  the  amount  to  be  used  in 
further  experiments  in  which  this  substrate  was  used. 

8.  A study  of  cells  grown  on  the  basal  medium  with  different 
nitrogen  sources.  Early  work  by  Stephens  showed  that  a medium  containing 
only  L-glutamic  acid  and  L-arginine  monohydrochloride  as  the  source  of 
nitrogen  gave  very  good  growth  of  A.  gossypiit  however,  only  small 
amounts  of  riboflavin  were  formed . When  L— leucine  or  L— leucine  and 
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L-toistidlne  were  added  to  this  me divan,  A.  gossypli  produced  noticeable 
quantities  of  riboflavin,  even  though  the  growth  was  somewhat  decreased* 
It  was  thought  to  be  of  interest  to  study  the  respiration  of  cells  grown 
on  each  of  these  media,  both  with  and  without  glucose  added  as  a sub- 
strate, using  cells  grown  on  peptone  medium  as  a control* 

Four  different  media  were  prepared,  with  different  amounts  and 
sources  of  nitrogen,  for  growing  cells  of  different  ages  for  respiration 
measurements.  The  media  were  prepared  using  the  basal  medium  with  the 
amounts  and  sources  of  nitrogen  added  as  follows!  1-  peptone  (P)  medium, 
peptone  to  make  a concentration  of  0.172  per  centj  2-  glutamic  acid- 
arginine  (GA)  medium,  L-glutamic  acid  and  L-arginine  monohydrochloride 

to  give  concentrations  of  0.21  and  0,012  per  cent  respectively}  3-  glu- 

» 

tamic  acid-arginine-leucine  (GAL)  medium,  L-glutamic  acid,  L-arginine 
monohydrochloride  and  L-leucine  to  give  concentrations  of  0*21,  0,012 
and  0,25  per  cent  respectively}  and  It-  glutamic  acid-arginine-leucine- 

« . t . t 4 

histidine  (GALH)  medium,  L-glutamic  acid,  L-arginine  monohydrocliloride, 
L-leuclne  and  L-histidine  to  give  concentrations  of  0.21,  0.012,  0.25 
and  0.018  per  cent  respectively,  -our  flasks  of  each  medium  were  in- 
oculated to  obtain  2it  hour  cells,  whereas  two  flasks  of  each  medium  were 
inoculated  to  obtain  each  of  the  1*8,  72  and  96  hour  cells.  The  same  in- 
oculum was  used  for  all  flasks.  After  incubation  the  contents  of  each 
flask  were  diluted  with  distilled  water  to  the  original  volume  (20  ml,) 
and  pH  and  turbidity  measurements  were  made.  An  examination  of  these 
cultures  with  ultraviolet  light  was  made  in  order  to  determine  the  first 
appearance  of  riboflavin  by  fluorescence  in  each  medium.  To  compare 
some  of  the  data  more  advantageously,  optical  density  values  were 
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calculated  from  the  average  per  cent  transmission  values.  The  results  are 
given  in  Table  10.  Curves  of  optical  density  values  are  shown  in  Figure 

X, 

The  above  cells  were  then  washed  in  the  usual  manner  and  diluted 
with  pH  6.0  buffer  to  prepare  cell  suspensions  with  1*0  per  cent  trans- 
mission, A 10  ml.  aliquot  of  each  suspension  was  filtered,  dried  at  78°  C., 
and  weighed  to  determine  the  dry  weight  of  each  suspension*  Duplicate 
samples  from  the  cell  suspensions  for  each  medium  and  each  age  of  cells 
were  run  in  the  Warburg  for  lliO  minutes  without  substrate  to  determine 
the  endogenous  respiration.  Duplicate  samples  were  also  run  as  above 
with  0.£  ml.  of  0.1  H.  glucose  as  substrate  in  each  flask.  The  oxygen 
uptake  in  each  case  was  calculated  as  microliters  of  oxygen  per  milligram 
dry  weight  of  cell  suspension  in  the  Warburg  flask.  The  results  obtained 
are  given  in  Table  11.  A curve  of  average  endogenous  respiration  values 
from  Table  11  is  shown  in  Figure  II. 

In  order  to  determine  the  rate  of  growth  on  the  basis  of  dry 
weight  of  the  cells  another  set  of  four  media  was  prepared,  inoculated 
and  incubated  in  the  same  manner.  After  2i>,  1*8,  72  and  96  hours  incu- 
bation the  contents  of  each  flask  were  diluted  with  distilled  water  to  the 
original  volume  (20  ml.)  and  pH  and  turbidity  measurements  were  made  on 
each  culture  medium.  Then  the  dry  weight  of  cells  in  the  20  ml,  volume 
of  culture  medium  in  each  case  was  determined  by  combining  the  contents 
of  the  flasks  for  each  age  of  cells  for  each  media,  filtering  a 10  ml, 
aliquot  of  tills  suspension,  drying  it  at  78°  C.,  and  weighing  it.  Optical 
density  values  were  calculated  from  average  per  cent  transmission  values. 
These  results  are  given  in  Table  12,  Optical  density  values  at  different 


ages,  given  in  Table  12,  are  plotted  in  Figure  III.  Curves  are  shown 
in  Figure  I?  for  the  average  dry  weight  values,  at  different  ages,  pre- 
sented in  Table  12. 

An  examination  of  the  data  from  Tables  10  and  12  shows  that  there 
is  an  inhibition  or  delay  of  growth  of  A,  gossypii  on  the  GA,  GAL  and 
GALH  media  compared  with  that  on  the  P medium.  Figure  I?  shows  that  the 
P medium  gives  a maximal  weight  of  cells  at  U8  hours.  The  other  media 
do  not  show  a maximum  because  they  apparently  have  not  yet  reached  that 
point.  This  is  indicated  by  the  large  increases  in  dry  weights  between 
72  and  96  hours  for  these  media.  The  decrease  in  weight  of  cells  from 
the  ? medium  beyond  1*8  hours  is  probably  due  to  changes  in  the  older 
cells  with  a loss  of  their  contents  to  the  solution,  a common  occurrence 
in  old  cells.  This  decrease  is  not  reflected  in  the  turbidity  measure- 
ments possibly  because  the  older  cells  are  still  exhibiting  the  same 
optical  properties  as  the  younger  cells,  even  though  substances  have 
passed  out  of  the  cells  in  the  former  case, 

A comparison  of  the  turbidity  values  in  Tables  10  and  12  and  in 
Figures  I and  III  indicates  that  growth  occurred  earlier  in  each  of  the 
media  the  first  time  the  cultures  were  prepared.  In  other  words,  there 
is  a consistent  delay  in  growth  shown  by  all  of  the  cultures  that  were 
prepared  the  second  time.  This  may  have  been  due  to  differences  in  the 
lnocula  either  as  to  amount  of  cells  or  to  amount  of  the  culture  medium 
present,  since,  as  has  been  mentioned  above,  it  is  difficult  to  prepare 
homogeneous  dispersions  of  the  organism  because  it  grows  in  clumps.  Al- 
though there  is  this  delay  in  growth  the  second  time  cultures  were  made, 
the  same  comparative  results  were  obtained  as  with  the  first  cultures. 
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When  leucine  is  added  to  GA  medium  the  rate  of  growth  is  delayed 
over  that  with  GA  medium  alone  up  to  72  hours.  At  96  hours,  however,  the 
growth  in  the  GAL  medium  has  surpassed  that  in  the  GA  medium. 


TABLE  10 

TURBIDITY,  pH,  AND  RIBOFLAVIN  MEASUREMENTS  ON 
2b,  U8,  72  AND  96  HOUR  CULTURES  GROWN  ON 
BASAL  MEDIA  WITH  DIFFERENT 
NITROGEN  SOURCES 


. 

Transmission 

Optical 

Age 

(T) 

Density 

pH 

Riboflavin* 

hrs. 

per  cent 

2-log  % T 

Peptone  Medium 

2U 

% 

36.0 

6.30 

• 

38.0 

6.30 

35.0 

6.30 

Ave. 

oM 

£31 

♦ 

U8 

18.0 

i 

6.05 

Ave. 

18.0 

IM) 

0.7US 

6.05 

£5? 

♦ 

72 

12.5 

6.05 

Ave. 

12.0 

12.3 

0.910 

5.80 

♦ 

96 

10.0 

5.75 

Ave. 

10.5 

WJ 

0.987 

f!§ 

♦ 

Glutamic  Acid-Arginine  Medium 

2U 

U9.0 

6.50 

1*8.5 

6^5 

Ul.5 

6.55 

Ave. 

55.0 

1*8.5 

0.31 b 

6.1*0 

(lahle  continued  on  following  page) 
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TABLE  10  (continued) 


Transmission 

Optical 

Age 

(T) 

Density 

pH  iiiboflavin* 

hr  a. 

per  cent 

2-log  % * 

Glutamic  Acid-Arginine  Medium  (continued) 

1»8 

17.5 

6.85 

15.0 

Ave.  163 

0.789 

- 

72 

10.5 

6.55 

11.5 
Aye.  ilTo 

0.959 

- 

96 

9.5 

6,80 

a™,  "fif 

1.022 

6.75 

OT 

- 

Glutamic  Acid-Arginine-Leucine  Medium 

2 U 

87.5 

6.b5 

89.5 

6.1*5 

88.5 

6.1*5 

88.5 
Ave.  88.5 

ft 

0.033 

1*8 

25.0 

6.70 

19.0 
Ave.  22.0 

0.658 

b7n 

♦ 

72 

10.5 

6.85 

16.0 
Ave.  I%3 

0.878 

6.8j 

♦ 

96 

9.0 

6.75 

. -2*i 

9.3 

1.03b 

7.05 

63o 

♦ 

Glutamic  Acid-Arginine-Leucine-Histidine  Medium 

90.0 

6.50 

90.0 

6.55 

91,5 

6.55 

91.5 

0.0U2 

(Table  continued  on  following  page) 
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TABLE  10  (continued) 


Age 

Transmission 

(T) 

Optical 

Density 

pH 

Riboflavin* 

hrs, 

» 

per  cent 

2-log  ^ T 

Glutamic  Acid-Arginine-Leucine-Ristidine  Medium 
(continued) 

i»8 

Ave, 

68.0 

0.160 

6J;0 

6.1i0 

Qp 

♦ 

72 

Ave. 

19.0 

17.0 
ist5 

0.7U? 

6.6? 

6.70 

<5,o8 

♦ 

96 

Ave. 

Hi.? 

10.? 

0.903 

6.9? 

bki 

T3B 

♦ 

*(♦)  indicates  fluorescence.  (-)  indicates  no  fluorescence* 


This  might  be  considered  as  a result  of  the  extra  amount  of  nitrogen 

f i 

present  from  the  added  leucine.  If  such  were  the  case,  however,  this 

1 ? I * 

increase  sight  be  expected  to  occur  to  a greater  extent  when  the  medium 

5 

contained  even  more  nitrogen  as  in  the  OALH  medium.  This  did  not  occur. 

5 5 

The  maxim®  growth  as  determined  by  the  dry  weight  in  the  0A  medium  is 
^4  mg.  If  nitrogen  in  the  dry  weight  of  yeasts  is  assumed  to  average 
about  10  per  cent,  7h  mg,  of  dried  cells  would  contain  approximately 
7.ii  mg.  of  nitrogen.  The  total  amount  of  nitrogen  available  from  the 
amounts  of  glutamic  acid  and  arginine  used  is  23.1?  rag.  Thus  nitrogen 
is  not  considered  to  be  a limiting  factor. 


nmm  i 


A OeBPAKESOH  OF  OPTICAL  DES3ITI  VALUES  mm  2h,  18,  72  AND  96  HOUR 
CULTURES  QWm  OK  BASAL  MESSA  .WITH  SIF,:«HEK?  SJTROGFN  SOURCES  FOR 
miSmSI  fS  FOB  HESPIPATXOU  KIMRJKRHESTS 


* 


OPTICAL  DENSITY 
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TABLE  XI 

RESPIRATION  EEAS0EEKEOT3  OK  SUSPENSIONS* 
OF  2k t 1*8,  72  AND  96  HOUR  CELLS 
ORCfrfN  OK  BASAL  MEDIA  WITH 
DIFFERENT  JUTROOBK  SOURCES 


Oacygen  absorbed/icg.  of  cella/lltO  ndn. 


Age 

Dry 

Endogenous 

Substrate** 

Substrate  minus 

Weight 

Endogenous 

Ave. 

hrs. 

Eg, /ini. 

ut 

uL 

Ui 

Peptone  Medio® 

21 

0.77 

52.8 

107.5 

Ave. 

ge.u 

50 

91.8 

99t7 

i*ua 

1*8 

1.18 

65.8 

77.5 

Ave. 

M 

67.5 

72.5 

13.1 

72 

0.99 

1*3.1* 

52.6 

Ave. 

39.8 

1*0 

56.1 

5l*.l 

12.8 

96 

1.39 

1*0.5 

51».l 

Ave. 

36.0 

50 

“50: 

15.8 

Glutamic  Acid-Arginine  Medium 

21* 

0.85 

56.7 

90.3 

Ave. 

• 

U8.8 

50" 

110.0 

16o.$ 

1*7.1* 

1*0 

1.26 

Ave, 

5o.U 

1*8.2 

u9.3 

72.3 

72.1* 

70 

23.1 

72 

1.16 

28.0 

10*.8 

Ave. 

33.9 

3l.O 

50.8 

TO 

16.8 

(Table 

continued 

on  following  page) 
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TABLE  11  (continued) 


Oxygen  absorbed/mr,.  of  cells/HtO  min. 
Age  Dry  Endogenous  Substrate4**  Substrate  minus 

Weight  Endogenous 

Ave. 


sirs. 

mg ./ml. 

ut 

uL 

uL 

Glutamic  Acid-Arginine  Medium  (continued) 

96 

1.37 

29.1i 

28.9 

» 

/ <r 

Ave. 

2it.7 

WJ 

38.1 

35^ 

6.U 

Glutamic  Acid-Arginine-Leucine  Medium 

2h 

0.99 

8lt.5 

1$7,9 

Ave. 

93.1 

bO 

153.7 

IfCT 

67.0 

U8 

1.31 

U5.9 

81t.lt 

Ave, 

68.$ 

92.1 

o8.3 

31.1 

72 

0.88 

32.2 

U3.3 

Ave. 

26.1 

W5 

-iS 

1$.0 

96 

1.73 

37.0 

U.7 

Ave, 

3$.  8 
36. It 

$o,5 

TO 

6.2 

Glutamic  Acid-Arginine-Leucine-Histidine  Medium 

2h 

0.60 

$6.1 

91.2 

Ave, 

86.5 
88  #8 

32.7 

U8 

2. hi 

116.9 

168.3 

Ave. 

{i-S-Trft 

11379 

170.1 

169.1) 

$2.5 

72 

1.12 

60.0 

71.2 

Ave. 

w .w  iw  ytKWw 

9Q.$ 

80^9 

20.9 

(Table  continued 

on  following  page) 
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TABLE  11  (continued) 


Oxygen  absorbed/mg,  of  cells/litO  min. 

Age 

Bry 

Weight 

Endogenous  Substrate**  Substrate  minus 

Endogenous 

Ave. 

hrs. 

ng  ,/ml. 

ul  uL  uL 

Glutan&c  Acid-Arginine-Leucine-Histidlne  Medium 

(coatinueS) 

96 

1.36 

56,9  67.9 

— < ****  klsS 

Ave.  £5.9  £8.1  1.2 

♦Suspensions  were  diluted  to  ijO  per  cent  transmission. 

**Substrate  consisted  of  0«5>  ml.  of  0.1  M.  glucose  per  Warburg  flask. 
***Saraple  discarded  because  of  a leak  in  the  connections. 
♦♦^♦Duplicate  samples  omitted  because  of  Warburg  space  limitations. 


The  data  from  Table  11  and  Figure  II  show  that  the  oxygen  uptake 

* t ^ 

values  are  unusually  high  at  2li  hours  in  the  case  of  the  GAL  medium  and 

• r 

at  U8  hours  in  the  case  of  the  GALH  medium. . The  data  show  that  this  in- 

, ♦ ' t f 

crease  results  fro®  an  increase  in  the  endogenous  respiration.  The  GA 

* * , 

and  P media  do  not  show  this  large  increase  in  oxygen  uptake.  It  may  be 
that  it  occurs  with  these  media  at  ages  not  measured.  The  fact  that  the 
stimulation  of  respiration  occurs  along  with  inhibition  of  growth  may 
indicate  that  non-growth  pathways,  such  as  those  leading  to  the  formation 
of  riboflavin,  which  use  substances  needed  for  growth,  are  favored,  or 
that  there  is  a time  lag  during  which  the  synthesis  of  a substance  or 
substances  required  for  growth  occurs. 

The  early  occurrence  of  riboflavin  in  the  P medium  may  be  due  to 
the  supply  of  readily  available  precursor  materials  present.  The  syn- 
thesis of  these  precursor  materials  may  be  responsible  for  the  peaks  in 


FIGURE  II 

A CCKPARISQN  OF  BIDGGEHGUS  RESPIRATION  MUSUJOHBRS  ON  SUSPENSIONS 
OF  2U,  U8,  72  AND  96  HOOP.  CELLS  GROWN  OH  BASAL  MEDIA 
WITH  DIFFERENT  NITRGGM  SOURCES, 


U2 


1*3 

TABLE  12 


TURBIDITY,  pH,  AND  MY  WEIGHT  1-iEASU  RESISTS 
OS  2ii,  hB,  72  AND  96  HOUR  CULTURES 

OKOnN  on  basal  media  with 

DIFFERENT  BURGOSS  SOURCES 


Age 

Tj 

Optical 

Density 

pH 

Dry 

Weight 

(T) 

Wrs. 

per  cent 

2 -log  jt  ¥ 

®g./20  ini. 

Peptone  Medium 

2l* 

82.0 

6.00 

80.0 

5.90 

80.0 

5.85 

Ave. 

79.5 

BotlT 

0.091* 

21.1* 

1*8 

9.5 

5.50 

Ave. 

8.0 

§.8 

1.059 

5.20 

?3z 

135.6 

72 

6.0 

6.80 

Ave. 

o.5 

XJ 

1.20b 

6.85 

SJbJ 

123.2 

96 

5.0 

7.55 

Ave. 

6.0 

5% 

1.260 

7.75 

TM 

113.1* 

Glutamic  Acid-Arginine  Medium 


2li 


97.0 

97.0 

96.5 

,0 


1*8 


72 


Ave. 


95.0 
81*  .0 
Ave.  89.5 


0.013 


0.01*8 


32.0 

.0 


6.1*0 

6.U5 

6.50 

6. 


6.1*0 

6. 


6.70 

6.25 


Ave. 


0.530 

(Table  continued  on  following  page} 
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8.2 


30.2 


TABLE  12  (continued) 


Transmission 

Age  (T) 


Optical 

Density 

T5ogTT 


Dry 

pH  Weight 
mg./20  Wl  . 


hrs.  per  cent 

Glutamic  Acid«Arginine  Medium  (continued) 
96 


16.0 
Ave,  l5.0 


6.95 

6.60 


0.82li 

Glutamic  Acid^rginine^Leucine  Medium 


7U.0 


2l* 

97.5 

6.35 

98.0 

6.35 

99.0 

6,35 

Ave. 

98.0 

ftir 

0,009 

& 

8.6 

1*8 

91.0 

6.35 

Ave. 

56jO 

M3 

0.053 

6J*0 

8.0 

72 

51.0 

6.35 

Ave. 

1*6.0 

CO 

0.319 

6.1*0 

6.^8 

11.2 

96 

12.0 

6.90 

Ave. 

9.0 

153 

0.979 

6.85 

6.88 

98.8 

Glutamic  Aeld-Argimne-»Leuc ine-Histidine  Medium 


2lj 


1*8 


72 


Ave, 


Ave, 


96.0 

97.0 

96.0 
?6. 0 


9l*.0 

.0 


92.0 

89.0 

90 


0.017 


0.036 


6.  1*0 
6.1*0 
6.1*0 
6.1*0 


6.1.5 

6,li 


6.2 


5.8 


6.25 

6jS5 


0.01*3 

(Table  continued  on  following  page) 


Ave. 


5.8 


TABLE  12  (continued) 


Transmission  Optical  Dry- 

Age  (T)  Density  pH  Weight 

hrs.  per  cent  2-dog  % $ ' ~ mg./20  ml. 

Glutardc  Acid -Arginine-Leu c :L ,o-iilstidlne  Medium 

(continued) 

96  20.5  6.50 

16.5  6.65 

Ave.  0.733  £3$  63.2 


respiration  values  obtained  at  2i*  hours  and  at  U8  hours  with  the  GAL  and 
the  GALH  media  respectively.  It  is  interesting  to  note  that  the  ribo- 
flavin formation,  except  that  in  the  P medium,  occurs  in  the  two  media 
giving  the  greatest  delay  in  growth.  It  has  been  found  independently  by 
Dikanshaya,  Mickelson  and  Stephens  that  most  of  the  riboflavin  usually 
forms  after  a period  of  rapid  growth  when  the  organisms  are  growing  only 
slowly.  Thus  it  would  seem  that  non-growth  pathways  leading  to  the 
formation  of  riboflavin  may  be  favored  whenever  little  growth  is  occur- 
ring, whether  such  slow  growth  is  after  a period  of  rapid  growth  or  is 
due  to  inhibition  or  delay  caused  by  certain  substances, 

9»  further  studies  on  techniques  to  obtain  more  consistent 
measurements  of  respiration.  Because  of  variations  noted  on  respiration 
measurements  on  duplicate  aliquots  of  a cell  suspension  further  attempts 
were  made  to  obtain  better  agreement  between  duplicate  samples.  Since 
the  data  in  Experiment  1 showed  that  more  consistent,  although  somewhat 
lower,  results  were  obtained  between  duplicate  samples  of  a suspension 
homogenised  for  10  seconds,  it  was  felt  that  this  effect  should  be  in- 
vestigated further.  Glass  beads  were  added  to  the  suspension  so  that  it 
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A COiJPARlSCN  OF  OPTICAL  BESISTT  VALDES  FBOH  2l;,  h8,  72  AND  96  HOOK 
CULTURES  QBO®  OK  BASAL  MEDIA  KITH  DIFFERENT  HITROGEH  SOCLES  FOR 

G&fcfffi  MEA8UKB5IHTS 


OPTICAL  DENSITY 


h 6 


O GLUTAMIC  ACID-ARGININE-LEUCINE-HISTIDINE  MEDIUM 
4 ~ A GLUTAMIC  ACID-ARGININE-LEUCINE  MEDIUM 
O GLUTAMIC  ACID-ARGININE  MEDIUM 
G PEPTONE  MEDIUM 
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could  be  swirled  with  the  beads  between  each  removal  of  cells  for  the 
Warburg,  thereby  keeping  the  suspension  more  homogeneous. 

Accordingly,  a suspension  of  2h  hour  cells  grown  on  the  basal 
medium  with  0.172  per  cent  added  peptone  was  prepared  to  study  the  effect 
of  a 10  second  homogenisation  period  with  the  addition  of  glass  beads  to 
the  final  suspension.  The  suspension  was  homogenized  in  the  faring  blen- 
dor for  10  seconds  and  diluted  with  pH  6,0  buffer  to  UO  per  cent  trans- 
mission, It  was  placed  in  a 125  ml,  Erlenmeyer  flask  which  contained 
enough  glass  beads  to  cover  the  bottom  of  the  flask.  The  suspension  was 
swirled  3 or  U times  with  the  beads  before  each  1 ml,  removal  of  cells 
for  the  Warburg  flasks.  A 7 ml.  aliquot  of  this  suspension  was  filtered, 
dried  at  78°  C„,  and  weighed  to  determine  the  dry  weight.  Duplicate 
aliquots  of  the  suspension  were  run  with  0.5  ml.  of  0,1  K.  glucose  as 
substrate  and  with  no  substrate  to  determine  the  endogenous  respiration. 
All  samples  were  run  for  lbO  minutes  in  the  Warburg  and  the  respiration 
was  calculated  as  3ri.cro3J.ters  of  oxygen  per  milligram  of  dried  cell  sus- 
pension. The  results  obtained  are  given  in  Table  13, 

The  data  from  Table  13  show  that  somewhat  better  duplication  of 
results  is  obtained  by  the  above  changes  in  technique. 

In  order  to  study  the  effect  of  the  addition  of  glass  beads  to 
cell  suspensions  homogenised  for  different  periods  of  tire,  a suspension 
of  IjB  hour  cells  grown  on  the  peptone  medium  with  0.172  per  cent  added 
peptone  was  prepared.  This  suspension  was  placed  in  the  Waring  blendor 
and  homogenized.  Aliquots  were  removed  from  the  blendor  after  the  fol- 
lowing tines  of  homogenizations  5,  10,  15,  20,  25,  30,  60  and  120  seconds. 
Each  aliquot  was  diluted  with  pH  6.0  buffer  to  fora  a suspension  of 
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TABLE  13 


RESPIRATION  KSASOREMENTS  ON  ALIQUOTS  OF  A 2h  HOUR 
CELL  SUSPENSION*  SHAKEN  WITH  GLASS  BEADS 


Oxygen  absorbed/  mg.  of  cells/  lifO  min. 

Endogenous 

Substrate'51* 

Substrate 

minus 

Endogenous 

uL 

ut 

uL 

37.8 

7L.3 

36.5 

38.0 

79.2 

lil.2 

Uh.5 

73.1 

28.6 

39.3 

68.2 

28.9 

^Suspension  was  prepared  from  cells  grown  on  peptone  medium  and  diluted 
to  liO  per  cent  transmission. 

Substrate  consisted  of  0*5  ml,  of  0*1  H*  glucose  per  Warburg  flask. 

20  per  cent  transmission,  Each  of  these  suspensions  was  then  transferred 
to  a 125  ml.  Lrlenmoyer  flask  which  contained  enough  glass  beads  to  com- 
pletely cover  the  bottom  of  the  flask.  A 10  ml.  aliquot  from  the  5 sec- 
ond homogenized  suspension  and  a 5 ml,  aliquot  from  each  of  the  other 
suspensions  were  filtered,  dried  at  78°  C.,  and  weighed  to  determine  the 
dry  weight  of  each  suspension.  Each  suspension  was  swirled  with  the 
glass  beads  before  each  1 ml.  removal  of  cells  for  the  Warburg  flasks. 

To  eaeh  Warburg  flask  was  added  0,5  ml.  of  0.1  M,  glucose  as  substrate. 
All  samples  were  run  in  the  ”arburg  for  90  minutes  to  determine  the  en- 
dogenous respiration.  At  the  end  of  this  time  the  substrate  was  tipped 
in  and  the  samples  were  run  for  an  additional  90  minutes  to  determine 
the  respiration  in  the  presence  of  glucose.  The  respiration  in  each  case 
was  calculated  as  microliters  of  oxygen  per  milligram  of  dried  suspension. 
The  results  are  given  in  Table  lU. 
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TABLF  3JU 

RESPIHATION  MEASURSffiHTS  ON  A 1*8  HOUR  PEPTONE  CELL  SUSPENSION* 
AFTER  BIFFKHEJfT  PERIODS  OF  HOMOGENIZATION 
AND  SHAKING  WITH  GLASS  BEADS 


T4  , - _0»g£cn , ,^rB.s 

iisje  of  Dxy  mdogenous  Substrate"'*  Substrate  rams 


homogenization  weight  twice  endogenous 

Ave, 


sec. 

mg/nl 

ut 

uL 

g. 

5 

z. hi 

33.0 

75.1 

Ave. 

31.9 

3275 

lua 

73.9 

8.9 

10 

3.00 

32.1 

69.7 

Ave. 

30.1 

3iir 

61.2 

TO 

3.3 

15 

2.65 

22.  U 

52.7 

Ave. 

28.0 

TO 

60.8 

5S.S 

6.U 

20 

2.50 

32.3 

67.8 

Ave. 

30.7 

51.5 

67.2 

TO 

li.5 

25 

3.20 

23.1 

52.9 

Ave. 

§3tl 

5h.O 

TO 

6.2 

30 

2.50 

18.U 

lil.5 

Ave. 

17.3 

TO 

9.2 

60 

7.00 

7.2 

16.5 

Ave. 

■» 

2lu2 

20.3 

1.3 

120 

5.00 

6.8 

12.5 

Ave. 

6.1 

TO 

13.5 

13.0 

0.0 

^Suspensions  were  diluted  to  20  per  cent  transmission. 

**Substrate  consisted  of  0.5  ml.  of  0*1  £ . glucose  per  arburg  flask. 
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These  results  shew  that  the  5 second  homogenization  gives  higher 
values  for  glucose  and  slightly  higher  values  for  endogenous  respiration 
than  do  the  10  second  and  longer  homogenizations.  The  results  are  similar 
to  those  obtained  in  Experiment  1;  that  is,  there  is  a gradual  decrease  in 
respiration  values  as  the  length  of  time  of  homogenization  is  increased* 
Although  there  is  a slight  decrease  in  values  for  the  10  second  homogen- 
ization, it  was  beleived  that  this  homogenization  time,  with  the  addition 
of  glass  beads  to  the  suspensions  later,  would  help  provide  more  uniform 
sampling.  Thus,  the  succeeding  experiments  were  handled  in  the  above 
manner,  except  as  otherwise  noted. 

10.  A study  of  cells  grown  on  the  basal  medium  with  glutamic 
acid,  ar  inine  and  glycine  as  the  nitrogen  sources.  Stephens  has  shown 
that  A.  gossjpii  grown  on  a medium  containing  only  arginine  and.  glutamic 
acid  as  the  nitrogen  sources  gives  very  good  growth  but  only  slight  ribo- 
flavin production.  The  addition  of  glycine  to  this  medium.,  however, 
caused  a large  increase  in  the  riboflavin  production  with  a slight  de- 
crease in  growth*  To  study  the  effect  of  addition  of  glycine  on  the  res- 
piration measurements  a medium  was  prepared  which  contained  L-glutamic 
acid,  L-argirdne  monohydrochloride  and  glycine  in  concentrations  of  0.21, 
0.012  and  0,018  per  cent  respectively.  This  medium  was  Inoculated  in  the 
usual  manner  and  incubated  for  i;8  hours  before  cell  suspensions  were  pre- 
pared. The  cell  suspension  was  diluted  with  pH  6.0  buffer  to  20  per  cent 

% k £ 

transmission.  A 10  ml,  aliquot  was  used  for  the  determination  of  dry 
weight  of  the  cell  suspension.  Quadruplicate  aliquots  from  the  suspension 
were  rum  in  the  Marburg  for  1U0  minutes  both  without  substrate  to  deter- 
mine the  endogenous  respiration  and  with  0.5  ml.  of  0.1  K.  glucose  as 
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substrate  la  each  flask.  Respiration  in  each  case  was  calculated  as 
microliters  of  oxygen  per  milligram  of  dried  cell*  suspension.  The  re- 
sults obtained  are  shown  in  Table  15.  Examination  of  the  culture  under 
ultraviolet  light  showed  the  presence  of  riboflavin  by  fluorescence. 


TABLE  15 

RESPIRATION  MEASUBUfEMTS  ON  A SUSPENSION*  PREPARED 
FROM  CELLS  OHO®  ON  THE  BASAL  MEDIUM  WITH  GLUTAMIC 
ACID,  ARGININE  AND  GLYCINE  ADDED 
AS  THE  NITBOGM  SOURCES 


Oxygen  absorbed/  mg,  of  cells/  UtO  min. 

Endogenous 

•Substrate** 

Substrate  minus 
Endogenous 
Ave. 

u£ 

uL 

u£ 

30.9 

28.0 

33.3 

33.7 

Ave.  32.0 

U.o 
39.6 
t*2.9 
h3, 0 
hi*S 

9.6 

^Suspension  was  prepared  from  1*8  hour  cells  and  diluted  to  20  per  cent 
transmission. 

**Substrate  consisted  of  0.5  ml,  of  0.1  K.  glucose  per  Larburg  flask. 


A comparison  of  the  data  from  Table  15  and  from  Table  11  in  Ex- 
periment 8 shows  that  the  respiration  measurements  for  both  endogenous 
and  substrate  on  glutamic  acid,  arginine  and  glycine  grown  cells  are 
lower  than  those  previously  obtained  with  peptone,  glutamic  acid-arginine, 
glutamic  acid-arginine-leucine  aid  glutamic  acid-arginine-leucine-histi- 
dine  media.  * This  is  in  spite  of  the  fact  that  the  amount  of  riboflavin 
produced  with  the  glycine  medium  is  greater  than  that  produced  in  each 
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of  the  other  cases  except  that  of  peptone*  Ag  pointed  out  in  Experiment 
8,  however,  the  respiration  maximum  may  be  at  an  age  other  than  18  hours. 

Since  copper  and  iron  are  involved  in  many  oxidation-reduction 
enzyme  systems  it  was  felt  that  it  might  be  of  interest  to  add  small 
amounts  of  these  metals  to  a medium  containing  glycine  as  well  as  glu- 
tamic acid  and  arginine  to  determine  whether  they  had  any  effect  on  res- 
piration measurements.  Accordingly,  a medium  was  prepared  as  above 
except  that  1.0  mg.  of  FeSOJj  and  0.5  mg.  of  ChaSO^  were  added.  ’Hie  medium 
was  inoculated  and  after  h8  hours  incubation  a cell  suspension  was  pre- 

t 

pared  and  diluted  with  pH  6.0  buffer  to  20  per  cent  transmission.  A ten 
ml,  aliquot  was  used  for  the  determination  of  dry  weight  of  the  sus- 
pension. Triplicate  aliquots  of  this  suspension  were  run  in  the  Warburg 
for  lhO  minutes  without  substrate  to  determine  the  endogenous  respir- 
ation and  with  0,5  ml.  of  0.1  K.  glucose  as  substrate.  The  results  are 
shown  in  Table  16. 

A comparison  of  the  data  in  Tables  15  and  16  shews  that  the  ad- 
dition of  copper  and  iron  gives  about  a 20  per  cent  increase  in  the 
endogenous  respiration  and  about  a 50  per  cent  increase  in  the  respi- 
ration in  the  presence  of  glucose.  These  increases  may  be  due  to  the 
increased  activity  of  copper  and/or  iron  containing  enzymes.  The  in- 
creased values  for  substrate  minus  endogenous  respiration  may  also 
result  from  increased  activity  of  copper  and/or  iron  containing  enzymes, 
assuring  that  the  rate  of  oxygen  absorption  without  substrate  is  limited 
by  the  amount  of  oxidizable  substances  in  the  cells.  That  is,  the  copper 
and/or  iron  containing  enzymes  say  be  in  excess  when  the  cells  are  grown 
on  the  medium  containing  the  copper  and  iron.  Thus,  when  substrate  is 


TABLE  16 


INSPIRATION  FMSURFEMTS  ON  A SUSPENSION*  PREPARED 

from  cells  or am  on  fro  basal  medium  wits  glutamic- 

ACID,  AHBIKUIE  AND  GLYCINE  A^ED  A S THE  HITEafflSSf 
SOURCES  ANT)  WITH  ADDER  COPPER  AMD  IRON 


Oxygen  absorbed/  mg.  of  cells/  IhO  min. 

Endogenous 

Substrate** 

Ave. 

Substrate  minus 
Endogenous 

ut 

uL 

ut 

hi. 8 

62.2 

38.0 

65  .h 

hl.6 
Ave.  Eo75T 

62.7 

22.9 

*Suspension  was  prepared  from  U8  hour  cells  end  diluted  to  20  per  cent 
transmission.  Dry  weight  was  2.U6  Eg.  per  ml.  of  suspension. 

**3ubstrate  consisted  ’of  0.5  ml,  of  0*1  E*  glucose  per  Warburg  flask. 


added,  there  is  a larger  increase  in  oxygen  uptake  over  endogenous  res- 
piration values. 

11*  A study  of  cells  grown  on  peptone,  yeast  extract  and  glucose 
medium.  The  medium  used  for  maintenance  of  the  culture,  which  was  pre- 
viously described,  when  prepared  as  a liquid  medium  without  the  agar  was 
found  to  give  excellent  growth  and  riboflavin  production.  Therefore,  it 
was  thought  advisable  to  have  some  information  on  the  respiration  ob- 
tained using  this  medium  to  serve  as  a sort  of  control  or  optimal  medium 
for  the  growth  and  production  of  riboflavin  by  A.  gossy&ii.  Accordingly, 
a medium  containing  2.0  per  cent  glucose,  1.0  per  cent  peptone  and  0.5 
per  cent  yeast  extract  was  prepared.  The  medium  was  inoculated  and  after 
2ii  and  U8  hours  incubation  coll  suspensions  were  prepared  faro®  these 
cultures.  Each  cell  suspension  was  diluted  with  pH  6*0  buffer  to  ten 


per  cent  transmission.  A 10  ml.  aliquot  from  each  suspension  was  used 
to  determine  the  dry  weight.  For  each  suspension  duplicate  aliquots 
were  run  in  the  Warburg  without  substrate  to  determine  the  endogenous 
respiration  and  duplicate  aliquots  were  run  with  0.5  ml.  of  0.1  M.  glu- 
cose as  substrate,  all  respiration  measurements  covering  a liiO  minute 
period.  The  respiration  in  each  case  was  calculated  as  microliters  of 
oxygen  absorbed  per  milligram  of  dried  cell  suspension.  The  results  are 
given  in  Table  IT. 

TABLE  17 

RESPIPATION  measurekejtts  on  a cell  suspension* 

PREPARED  FROM  CELLS  OHOBN  ON  A MEDIUM 
CONTAINING  PEPTONE,  YEAST 
EXTRACT  AND  GLUCOSE 


Oxygen  absorbed/  mg.  of  cells/  litO  min. 

Age 

Dry 

weight 

Endogenous 

Substrate** 

Substrate  minus 
Endogenous 
Ave. 

hrs. 

mg/ml 

ul 

ut 

“uF~ 

2U 

5*68 

UU.7 
36,6 
Ave.  3*0.7 

91.0 

U9.8 

16 

Iu62 

27*7 
28.0 
Ave.  27.9 

70.8 

78.L 

7676 

h6m7 

*CeH  suspensions  were  diluted  to  10  per  cent  transmission. 
**Substratc  consisted  of  0.5  ml,  of  0.1  K.  glucose  per  -arburg  flask. 


A comparison  of  the  data  from  Tables  11  and  17  shows  that  the 
suspension  from  the  peptone  and  yeast  extract  grown  cells  at  2h  hours 
has  a much  lower  endogenous  respiration  and  a slightly  lower  respiration 


in  the  presence  of  glucose  than  the  suspension  of  cells  fro®  the  basal 
medium  with  peptone.  At  1*8  hours  the  peptone  and  yeast  extract  grown 
cells  have  only  about  one-half  the  endogenous  respiration  shown  by  the 
cells  grown  on  peptone  medium  but  when  glucose  is  added  both  cell  sus- 
pensions show  about  the  same  respiration. 

These  results  might  be  explained  by  assuming  that  the  cells  in 
this  experiment  at  21*  hours  and  1*8  hours  age  are  further  along  in  their 
growth  phases.  Since  the  medium  used  in  this  experiment  allows  more 
rapid  growth,  it  might  be  expected  that  the  cells  grown  on  this  medium 
might  be  further  ahead  in  the  growth  phase  than  those  grown  on  the  pep- 
tone medium.  As  has  been  said  earlier,  respiration  values  are  normally 
higher  in  rapidly  growing  cells.  These  values  become  smaller  as  the 
cells  go  into  the  stationary  phase  of  growth.  The  more  rapid  growth  on 
the  peptone  and  yeast  extract  medium  probably  is  due  to  the  presence  of 
B vitamins  in  the  yeast  extract. 

When  respiration  values  of  the  cells  in  this  experiment  are  com- 
pared with  those  for  cells  grown  on  media  where  inhibition  or  delay  of 
growth  occurs  such  as  in  the  GAL  or  GALE  media,  further  emphasis  is 

fit  • 

placed  on  the  interpretation  of  respiration  values  in  relation  to  growth 
phases.  One  exception  to  this  has  already  been  noted.  That  Is  the  un- 

i 

usually  high  respiration  values  that  occurred  with  cells  from  the  above 
two  media  that  inhibited  or  delayed  growth,  which  were  assumed  to  be 
related  to  riboflavin  formation  or  the  formation  of  substances  needed 
for  growth. 
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12.  Respiration  measurements  at  pH  6,0  on  cell  suspensions  using 
amino  acids  as  substrate.  Since  amino  acids  seem  to  be  involved  in  the 
production  of  riboflavin  by  A,  gossypil.  a study  of  respiration,  using 
amino  acids  as  substrates,  ws  made  of  cells  grown  on  a medium  where  no 
riboflavin  is  produced  and  on  media  where  noticable  amounts  of  riboflavin 
are  produced.  Three  media  were  prepared  using  the  basal  medium  with  the 
following  concentrations  of  peptone  or  amino  acids*  1-  peptone  medium- 
0,172  per  cent  peptone;  2-  glutamic  acid-arginine  medium-  0,21  per  cent 
L-glutamle  acid  and  0,012  per  cent  L-arginine  monohydrochloride ; 3-  glu- 
tamic acid-argtnine-glycine  medium-  0,21  per  cent  L-glutamic  acid,  0.012 
per  cent  L-arginine  monohydrochloride  and  0.018  per  cent  glycine. 

Fifty  milligrams  of  each  of  the  following  amino  acids  was  dis- 
solved in  sufficient  pH  6.0  buffer-water  mixture  to  make  100  ml,  of  each 
solution  of  amino  acid*  glycine,  X—cy stine,  L-leucine,  BL- threonine, 
DL-alpha -alanine , L-lysine  monohydrochloride,  L-proline,  L-tyrosine, 
h'L-tryptophan,  LL-phenylalanine , BL-isoIeucine , DL-serine,  L-glutamic  acid, 
L-erginine  monohy drochlori de  and  L-asparagine  (a  derivative  of  aspartic 
acid).  Since  all  of  the  tyrosine  did  not  dissolve,  it  was  used  as  a 
saturated  solution.  The  pH  of  each  of  the  above  solutions,  except  glu- 
tamic acid,  was  between  pH  6.0  and  pH  64*.  The  pH  of  the  glutamic  acid 
solution  was  adjusted  with  IK,  ;’a0H  to  approximately  pH  6.2. 

Cell  suspensions  from  1*8  hour  cells  grown  on  each  of  the  above 
media  were  prepared  and  diluted  with  pH  6.0  buffer  to  20  per  cent  trans- 
mission in  the  usual  manner.  A 5 ml.  aliquot  from  each  suspension  was 
used  to  determine  the  dry  weight.  Aliquots  of  each  suspension  were  run 
in  the  b’arburg  for  11*0  minutes.  Because  of  the  limitation  in  the  number 
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of  flasks  which  could  be  run  on  the  Warburg  at  any  one  time,  three  dif- 
ferent suspensions  were  required  in  order  to  run  all  of  the  amino  acid 
solutions  on  cells  from  each  medium.  With  each  run  on  the  Warburg  two 
flasks  were  run  to  determine  the  endogenous  respiration,  To  as  many 
other  duplicate  flasks  as  were  available  (7  sets)  0.5  ml.  of  different 
amino  acid  solutions  were  added  as  substrate.  This  volume  of  amino  acid 
solution  gave  a concentration  of  0*25  mg.  of  amino  acid  per  Marburg  flask 
except  in  the  case  of  tyrosine.  The  respiration  in  each  case  was  calcu- 
lated as  microliters  of  oxygen  per  milligram  of  dried  suspension.  The 
results  obtained  are  given  in  Tables  18,  19  and  20.  Using  the  average 
substrate  minus  endogenous  values  from  these  tables  the  respiration  was 
calculated  to  a basis  of  microliters  of  oxygen  per  milligram  of  nitrogen 
added  as  substrate  per  milligram  of  dried  suspension.  This  was  done  in 
order  to  give  a basis  of  comparison  among  the  three  media.  These  results 
are  shown  in  Table  21. 

In  discussing  these  results  it  should  be  kept  in  mind  that  there 
are  possibly  three  kinds  of  cells  used  in  this  experiment*  cells  after 
rapid  growth  and  producing  riboflavin  (cell©  from  the  peptone  medium) j 
cells  after  moderate  growth  and  not  producing  riboflavin  (cells  from  the 
glutamic  acid-arginine  medium) j and  cells  after  moderate  growth  and  pro- 
ducing riboflavin  (cells  from  the  glutamic  ac id-arginine-g ly c ine  medium). 

A comparison  of  the  substrate  minus  endogenous  values  for  glycine, 
alpha-alanine  and  proline  in  Tables  18,  19  and  20  shows  that  the  values 
decrease  with  decreased  growth.  The  glycine  data  might  be  explained  as 
follows*  although  glycine  is  present  in  the  peptone  medium,  because  of 
the  rapid  growth  of  the  organisms  with  possible  depletion  of  this  amino 
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TABLE  18 


RESPIRATION  MEASUREMENTS  OS  SUSPENSIONS*  Of'  CELLS 
GROWN  08  PEPTONE  HEBHfl?  USING  VARIOUS 
AMINO  ACIDS  AS  SUBSTRATE 


Dry 

Weight 

§ 

1 

m*  of  cells/  3JU0  roin.  

Endogenous 

Substrate 

Substrate  minus 
Endogenous 
Ave. 

W/rl 

uL 

Si, 

2 

2.20 

U9.U 

Arginine 

5U.1 

UQ.6 
Ave.  UO 

Ave. 

Sul 

sO* 

9.6 

1.87 

1*3.  2 

Glycine 

50.3 

Uh.2 
Are,  1*3.7 

Ave. 

8.7 

Cystine 

53.2 

Ave. 

U?.5 

5IX 

7.7 

Leucine 

h3.0 

Ave. 

39.7 

ui.l 

0.0 

Threonine 

1*6.0 

Ave. 

uu.u 

HZ72 

U 

alpha-Alenine 

61.9 

Ave. 

1*5.7 

53^6 

10.1 

Lysine 

50.8 

Ave. 

U9.lt 

5oa 

6.U 

Proline 

U8.2 

Ave. 

if 

7*U 

2.32 

51.5 

Tyrosine 

51.9 

36.0 
Ave.  EC. 8 

Ave. 

if 

7.8 

(Table  continued  on  following  page) 
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TABLE  18  (continued) 


Dry 

Weight 

Oxygen  absorbed/  mg.  of 

cells/  litO 

! min. 

Endogenous 

Substrate 

Substrate  minus 

Endogenous 

Ave. 

rag/ml 

uL 

uL 

uL 

uL 

Tryptophan 

U3.8 

ij  2,6 

Ave, 

k3.& 

1.6 

Phenylalanine 

1*3*8 

Ave, 

K4 

uo.l 

1.3 

Isoleucine 

U6.9 

Ave, 

h6.1 

1.7 

Serine 

61;.  h 

Ave, 

57.8 

16*3 

Glutamic  Acid 

56.8 

Ave. 

18,8 

& 

8,0 

Asparagine** 

1*8.6 

Ave. 

M 

a.8 

* Suspensions  were  prepared  from  U8  hour  cells  and  were  diluted  to  20  per 
cent  transmission. 

■^Asparagine  is  a derivative  of  aspartic  acid. 


acid  in  the  medium,  glycine  causes  an  increase  in  respiration  when  used 
as  a substrate.  There  is  a lesser  increase  in  respiration  from  glycine 
for  the  slower  growing  glutamic  aci d-arginine  cells  because  other  amino 
acids  have  to  be  synthesized  by  the  organism  for  glycine  to  be  incorpo- 
rated into  proteins.  If  it  is  assumed  that  the  cells  from  the  glutamic 
acid-arginine-glycine  medium  are  “saturated"  with  glycine,  the  lack  of 


a 


TABLE  19 

RESPIRATION  MEASUIJIKESTS  OH  SUSPENSIONS*  OF  CELLS 

Guam  m glutakic  acid-aibinine  medium 

USING  ?APJOUS  AMINO  ACIDS  AS  SUBSTRATE 


Pry 

Weight 


Oxygen  absorbed/  mg.  of  cells/ 


Endogenous 


Substrate 


TJjO  Brin. 

§Sb5ti£t£ 

Endogenous 

Ave, 


isg/ial 

uL 

uL 

~5T 

2,62 

Are, 

29.3 

2lul 

2^7 

Arginine 

Are, 

31.0 

29.0 

30.0 

3.3 

2.55 

Ave. 

31.6 

2k4 

30 

Glycine 

Ave. 

U3.1 

38.0 

rots 

6.0 

- 

Cystine 

Are, 

35.1 

2M 

3%t? 

1.1 

Leucine 

Ave. 

37.3 

32,9 

55T 

o,5 

Threonine 

Ave. 

39.0 

jtl.1 

soil 

5.5 

alpna-Alanine 

Ave. 

ia.3 

Ia3 

6.7 

lysine 

Ave. 

U3.5 

Will 

roil 

9.5 

Proline 

Are, 

U1.7 

38.0 

37.9 

5.3 

2.25 

Ave. 

39.9 

37.9 
33^9 

Tyrosine 

Are, 

^.5 

5.3 

(Table  continued  on  following  page) 
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TABLE  19  (continued) 


Oxygen  absorbed/  me,  of  cells/  iXjO  Kin. 

BjT  " " ' ' ' " lini 

Weight  Endogenous  Substrate  Endogenous 

Ave, 


mg/ml  uL 

~uE 

uL 

Tryptophan 

38.0 

Ave, 

39.2 

0.3 

Phenylalanine 

Uo.o 

» * 

Ave. 

j*o»5 

ia* 

Isoleucine 

35.6 

* * 

Ave. 

36.8 

3® 

7.3 

f ' 

Serine 

U5.3 

Ave. 

15.9 

7.0 

Glutamic  Acid 

38.5 

Ave. 

36.6 

3775 

0.0 

Asparagine***1 

h9,2 

Ave. 

jOuh 

hto.o 

* 

7.9 

^Suspensions"  were  prepared  from  li8  hour'  cells  and  weare  diluted  to  20  per 
cent  transmission. 


Sample  was  discarded  because  of  a leak  in  the  connections. 
***A«paragine  is  a derivative  of  aspartic  acid, 

effect  of  glycine  as  substrate  can  be  explained.  Alpha-alanine  and  pro- 
line effects  are  also  in  proportion  to  the  amount  of  growth,  the  largest 
effect  on  respiration  being  vith  the  peptone  cells  and  the  least  effect, 
with  the  glutamic  acid-arginine-glycine  cells.  The  respiration  values 
for  these  three  amino  acids  in  Table  21  where  values  are  calculated  per 
milligram  of  nitrogen  emphasizes*,  this  possible  relationship  between 
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TABLE  20 

RESPIRATION  MEASUBBIBRS  ON  SUSPENSIONS*  OP  CEILS 
GROWN  ON  GLUTAMIC  ACID-AROININE-GLYCINL  MEDIUM 
USING  VARIOUS  AMINO  ACIDS  AS  SUBSTRATE 


Dty 

a-as.. 

&u.bstx*st6  minus 

Weight 

Endogenous 

Substrate 

Endogenous 

Ave. 

IBg/lsl 

«& 

uL 

uL 

2,26 

25.3 

Arginine 

33.3 

Ave, 

20,7 

a 

33.7 
Ave.  333 

10.5 

2*53 

30.9 

Glycine 

26.3 

28.0 

„ , »» 

Ave, 

. 293 

Ave.  26.3 

0.0 

Cystine 

30.0 

31.2 
Ave.  32.1 

2.6 

Leucine 

30.0 

29.2 
Ave.  29.6 

oa 

Threonine 

29.7 

- 

29,3 
Ave.  553 

0.0 

. 

alplm-Alsnine 

31.1 

33.7 
Ave.  323 

, 2.9 

Lysine 

32.1 

35.3 
Ave,  33.7 

U.2 

Proline 

33.6 

33.2 
Ave.  333 

3.9 

2.2U 

35.5 

Tyrosine 

3.3 

35.0 

kOt3 

Ave 

. 33 

Ave.  1*2.3 

7.1 

(Table  continued  on  following  page) 


TABLE  20  (continued) 


Sty 

Weight 


gen  absorber/  mg.  of  cells/  lijO  min, 

Substrate  minus 


Endogenous 

uL 


Substrate 


Triptophan 


Ave. 


T 

39,3 

18.8 


Endogenous 
Ave. 

r 


8.9 


Phenylalanine  35.5 

37.3 
Ave.  36. U 

leoleucine  35.8 

36.7 
Ave.  P3 

Serine  51* *5 

U8.8 

Ave.  50.2 

Glutamic  Acid  Ul.l 

h3.1 
Ave.  f,2.1 

Asparagine***  1*8.9 


1.2 


1.1 


15.0 


6.9 


15.7 


^Suspensions  were  prepared  from  1*8  hour  cells  and  diluted  to  20  per  cent 
transmission. 

••Sample  was  discarded  because  of  a leak  in  the  connections, 

***Asparagine  is  a derivative  of  aspartic  acid. 


respiration  values  and  the  type  of  cells  a®  to  growth.  Stephens  showed 
that,  riboflavin  is  formed  when  either  proline  or  alpha-alanine  was  in- 
cluded in  the  glutamic  acid-arginine  medium.  If  riboflavin  is  formed  in 
the  Warburg  with  cells  from  this  medium,  it  might  also  be  a factor 
affecting  respiration  values. 

In  Table  21  serine  appears  to  show  very  high  respiration  values. 
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TABLE  21 

SUBSTRATE  MINUS  ENDOGENOUS  RESPIRATION  VALUES  OH  SUSPENSIONS* 
OF  CELLS  GROWS  CM  MEDIA  WITH  DIFFERENT  HITEuGEN  SOURCES 
USERS  VARIOUS  AMINO  ACIDS  AS  SUBSTRATES 


Substrate 

Average  substrate  minus  endogenous  oxygen  absorbed 
per  rag.  of  cells  per  rag.  of  nitrogen  per  11*0  rain. 

Peptone 

Medium 

Glutamic  acid-  Glutamic  acid— arginine 
arginine  Medium  glycine  Medium 

uL  1 

ut 

uL 

Arginine 

H.2 

5.0 

15.7 

Glycine 

18,6 

13.0 

0.0 

Cystine 

26.3 

3.8 

8,9 

Leucine 

0.0 

1.7 

$»!t 

Threonine 

5.1 

18.6 

0.0 

alpha-Alanine 

25.7 

17.0 

7.1* 

lysine 

13.3 

20.0 

8.8 

Proline 

2U.3 

Hi.l 

12.8 

Tryptophan 

U.7 

0.9 

26.0 

Phenylalanine 

6a 

6.6 

5.6 

Isoleucine 

6a 

27.2 

l*.l 

Serine 

1*9.0 

21.0 

1*5.0 

Glutamic  Acid 

33.6 

0.0 

29.0  • 

Asparagine** 

9.1 

15.0 

29.6 

^Suspensions  were  prepared  using  1*8  hour  cells  end  vere  diluted  to  20  pear 
cent  transmission, 

^Asparagine  is  e derivative  of  aspartic  acid. 
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Since  values  obtained  -with  this  araino  acid  with  cells  forming  ribo- 
flavin are  ted.ce  the  value  for  cells  not  forming  riboflavin  (cells  from 
the  glutamic  acid-arginine  medium),  it  might  be  concluded  that  serine 
may  be  related  directly  or  indirectly  to  riboflavin  formation,  although 
data  obtained  by  Stephens,  who  added  serine  to  this  medium,  showed  that 
only  small  amounts  of  riboflavin  were  produced  under  the  conditions  he 
used. 

Arginine  also  shows  larger  effects  on  respiration  values  in  the 

•>  * « 

media  producing  riboflavin  than  on  the  glutamic  acid-arginine  medium  and 

might  possibly  be  related  in  some  way  to  riboflavin  formation, 

» » 

Trocaiently  in  physiological  systems  B forms  of  amino  acids  are 

> ; i 

inhibitory.  Of  the  DL  amino  acids  used,  the  relatively  lower  respir- 

* » ' i ■ J 

ation  values  for  threonine,  tryptophan,  phenylalanine  and  isoleucine 

f i i 

might  result  from  such  inhibition.  Apparently  the  B forms  of  serine  and 
alpha-alanine  are  not  inhibitory  since  these  two  amino  acids  showed  among 

] i t 

the  largest  increases  in  endogenous  respiration  observed  in  this  experi- 
ment. It  should  be  stated  that  the  values  of  the  DL  amino  acids  calcu- 
lated on  a milligram  of  nitrogen  basis,  in  Table  21,  would  be  doubled  if 
only  the  L form  could  be  metabolized  and  if  calculations  were  made  on  a 
milligram  of  metabolizable  nitrogen  basis. 

t i | 

If  high  respiration  values  on  cells  from  the  glutamic  acld- 
arginine-glycine  medium  for  the  substances  tested  indicate  a relationship 
to  riboflavin  formation,  .further  studies  on  serine,  glutamic  acid,  aspar- 
agine and  tryptophan,  wliich  have  high  values  as  shown  in  Table  21,  would 
be  indicated. 
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13.  Aspiration  studies  on  cells  grown  on  different  media  with 
non~ard.no  acid  nitrogen  sources  as  substrates.  It  has  been  reported  by 
KacLaren  that  certain  purines  stimulate  riboflavin  production  whereas 
certain  pyrimidines  inhibit  it.  It  was  thought  that  it  might  be  of 
interest  to  study  the  effects  of  some  of  these  compounds,  added  to  the 
Warburg  flask,  on  the  respiration  measurements  of  cell  suspensions  of 
A.  floagypil  grown  on  the  basal  medium  with  different  sources  of  nitrogen 
added. 

Accordingly,  three  different  media  were  prepared  exactly  as  in 
Experiment  12.  Suspensions  were  prepared  from  ij8  hour  cells  grown  on 
each  of  these  media.  These  suspensions  were  diluted  with  pH  6.0  buffer 
to  20  per  cent  transmission.  A 10  ml.  aliquot  of  each  suspension  was 
used  for  the  determination  of  dry  wei:  ht. 

Solutions  of  the  following  nitrogen  compounds  were  prepared  by 
dissolving  $0  mg.  of  each  in  sufficient  pli  6.0  buffer  and  water  to  make 
100  ml.:  uracil,  guanine  hydrochloride,  adenine  sulfate,  xanthine,  di- 
aEffionium  phosphate  and  urea.  Since  all  of  the  xanthine  did  not  dissolve 
it  was  used  as  a saturated  solution. 

Duplicate  aliquots  from  each  of  the  above  suspensions  were  run  in 
the  Warburg  for  lijO  minutes  without  substrate  to  determine  the  endogenous 
respiration.  To  other  duplicate  samples,  run  in  the  same  way,  were  added 
0.5  ml. of  each  of  the  prepared  solutions  of  nitrogen  sources  as  substrate. 
Aspiration  measurements  were  calculated  as  microliters  of  oxygen  per 
milligram  of  dried  suspension.  The  results  obtained  are  given  in 
Table  22. 
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TABLE  22 

FISPIRATION  MEISDHQSENTS  ON  SUSPENSIONS*  OF  Ij8  HOUR  CELLS 
GROWN  Off  MEDIA  WITH  DIFFERENT  NITROGEN  SOURCES  USING 
VARIOUS  NOR -AI'<I!IO  ACID  NITROGEN  SOURCES  AS  SUBSTRATE 


Oxygen  absorbed/  Kg, 

of  cells/  11*0  min. 

Substrate 

Peptone 

Glutamic  acid- 

Glutendc  acid-arginine- 

Medium 

arginine  Medium 

glycine  Medium 

iiL 

ill: 

ul 

None  (endogenous) 

Ii9.ii 

29.3 

2£.3 

lt0»6 
Ave.  W3 

2b  .1 

2 OT 

20.7 

23.0 

Uracil 

£0.3 

33.0 

22.8 

Uu6 
Ave.  hi. 5 

ftS 

a| 

Guanine .HG1 

£1.0 

3U.8 

28.3 

hh.l 

Ave. 

33.7 

SS 

30.7 

293 

Adenine .SO^ 

U£.l 

31.1 

27.2 

1*1.7 

Ave. 

2M 

30.1 

29.2 

Xanthine 

£0.0 

33.lt 

26.9 

Ave. 

ftf 

30.0 

2H72 

(NHli)2HPOlf 

1*2.3 

20.3 

17.0 

1*3.1 

Ave.  Ij2.o 

22.3 

2it3 

22.5 

193 

Urea 

1*2.8 

27.6 

2£.o 

1*1.1 

27.2 

22.6 

Ave,  ET3 

273 

zCT 

* Suspensions  were  diluted  to  20  per  cent  transmission.  Dry  weight  of 
peptone  suspension  was  2.20  mg/rnlj  dry  weight  of  glutamic  acid-arginine 
suspension  was  2.62  rng/mlj  and  dry  weight  of  glutamic  acid-arginine- 
glycine  suspension  was  2.26  mg/ml. 


Since  only  small  or  no  effects  on  respiration  occurred  when  the 
purines  or  the  pyrimidine,  uracil,  were  used  as  substrates,  and  since 
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little  is  known  about  the  metabolism  of  these  compounds  in  tills  organism, 
only  speculation  on  the  results  can  be  made. 

For  cells  grown  on  peptone  medium  only  xanthine  appears  to  in- 
crease respiration.  It  might  be  expected  that  cells  grown  on  a rela- 
tively complete  medium  might  shew  little  effect  of  the  addition  of 
purines  in  small  amounts,  for  if  they  are  formed  in  the  cells  in  normal 
metabolism  on  peptone,  they  may  already  be  present  in  a concentration 
for  maximal  rate  of  oxidation.  The  increase  in  respiration  with  xanthine 

as  substrate  might  result  from  an  oxidative  pathway  that  rapidly  removes 

' * * 

xanthine.  A mechanism  of  this  type  may  be  necessary  to  avoid  the  accumu- 

’ \ 

lation  of  xanthine  in  normal  metabolism  for  it  is  an  intermediate  in 
purine  catabolism,  that  is,  adenine  is  hydrolysed,  then  oxidized  to  xan- 
thine, and  guanine  is  hydrolyzed  to  xanthine,  when  the  appropriate 
enzymes  are  available. 

By  the  ssaae  reasoning  as  above,  it  sight  be  assumed  that  purines 
as  substrates  would  have  the  effect  of  increasing  the  respiration  of  cells 
grown  on  the  less  complete  media,  glutamic  acid-arginine  and  glutamic  acid- 
arginine-glycine,  in  which  it  might  be  expected  that  smaller  amounts  of 
these  purines  would  be  synthesized. 

With  the  cells  from  the  two  media  inhibiting  or  delaying  growth, 
guanine  and  xanthine  cause  greater  increases  in  respiration  than  the  other 
compounds  tested.  As  mentioned  above,  the  catabolism  of  guanine  involves 
its  conversion  to  xanthine,  thus  it  might  be  expected  that  guanine  would 
cause  effects  similar  to  xanthine. 

With  regard  to  the  pyrimidine  uracil,  it  caused  an  appreciable 
increase  in  respiration  only  with  the  cells  from  the  glutamic  ac id-arginine 
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medium,  the  medium  which  apparently  does  not  provide  suitable  conditions 
for  the  formation  of  riboflavin.  An  investigation  of  uracil  as  an  inter- 
mediate in  riboflavin  formation  might  yield  interesting  results. 

The  other  two  compounds,  diaramonium  phosphate  and  urea,  appear  to 
inhibit  endogenous  respiration  in  all  three  types  of  cells  used. 

lii.  Effect  of  cold  homogenisation  on  respiration  measurements  of 
cells.  It  was  noticed  that  during  a long  period  of  use  the  taring  blendor 
becomes  quite  warm.  The  decrease  in  respiration  previously  obtained  with 
homogenisation  may  have  been  due  to  the  heat  rather  than  to  mechanical 
destruction  of  the  cells  by  the  blendor  action.  In  an  effort  to  determine 
whether  different  results  would  be  obtained  if  the  blendor  and  cells  were 
kept  cold  during  the  period  of  homogenization,  a suspension  of  1*8  hour 
cells,  grown  on  the  basal  medium  with  0,25  per  cent  added  peptone,  was 
prepared.  The  faring  blendor  was  cooled  before  use  by  placing  it  in  a 
bucket  of  crushed  ice  and  water.  The  suspension  was  then  placed  in  the 
blendor  and  homogenized,  aliquots  being  removed  after  5#  10,  20  and  60 
seconds  of  homogenization.  The  Waring  blendor  was  kept  cold  throughout 
the  homogenization  period  by  placing  it  in  the  bucket  of  crushed  ice  and 
water  for  short  periods  while  each  aliquot  was  being  removed.  1 ach  aliquot 
was  diluted  with  pH  6.0  buffer  to  a turbidity  corresponding  to  20  per  cent 
transmission  and  placed  in  a 125  ml,  I-rlenmeyer  flask  which  contained 
enough  glass  beads  to  completely  cover  the  bottom  of  the  flask.  A 6 ml. 
aliquot  of  each  suspension  was  used  for  the  determination  of  dry  weight. 
Duplicate  samples  from  each  suspension  were  run  with  0.5  ml.  of  0.1  M. 
glucose  as  substrate  and  without  substrate  to  determine  the  endogenous 
respa  ration . AH  were  run  for  DjO  minutes  in  the  arburg.  The  respiration 
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was  calculated  as  udcrollters  of  oxygen  per  milligram  of  dried  cell  sus- 
pension. The  results  are  given  in  Table  23. 


TABLE  23 

RESPIRATION  MKASUH8IIEHTS  ON  A SOSPERSIOIf* 
AFTER  DIFFERENT  PERIODS  OF 
COLD  HGHOGBimTIOJi 


Oxygen  absorbed/  mg.  of  cells/  HjO  min. 

Time  of 

Dry 

Substrate  minus 

homogenization 

weight 

Endogenous 

Substrate** 

Endogenous 

Ave. 

sec. 

mg/ml 

uL 

uL 

5 

2.1*3 

28.0 

36.6 

26.1 

35.2 

Ave. 

27a 

35t? 

8,8 

10 

2.87 

18.0 

20.5 

Ave, 

17.6 

THE 

rojto 

pjp 

2.8 

20 

1.73 

22.1 

2ll.8 

Ave. 

21.1* 

25.9 

3.6 

60 

1.70 

21.8 

2l*.0 

19.0 



Ave. 

5OT 

51.0 

3.6 

^Suspensions  were  prepared  from  1*8  hour  cells  and  diluted  to  20  per  cent 
transmission. 

**5ubstrate  consisted  of  0.5  ml.  of  0.1  E.  glucose  per  warburg  flask. 
***Sample  discarded  because  of  a leak  in  the  connections. 

A comparison  of  these  results  with  those  in  Table  ll*  shows  that 
the  same  sort  of  decrease  in  both  endogenous  respiration  and  respiration 
in  the  presence  of  glucose  is  obtained  over  the  10  to  60  second  homogeni- 
zation period  in  both  cases.  The  major  difference  between  the  two  sets 
of  data  is  the  value  obtained  for  the  subst  ate  minus  endogenous  values. 
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These  values  from  the  homogenization  where  the  blendor  was  kept  warm 
show  a decrease  over  the  10  to  60  second  range  of  homogenization  whereas 
the  values  from  the  cold  homogenization  remain  approximately  constant 
over  this  same  range.  Apparently  the  decrease  in  respiration  obtained 
with  the  previous  60  second  homogenization  when  the  blendor  was  not  kept 
cold,  was  due  to  temperature  effects  on  the  cells  rather  than  to  cell 
disintegration  due  to  mechanical  effects  of  homogenization.  The  fact 
that  the  readings  from  10  to  60  seconds  homogenization  are  relatively 
constant  may  indicate  that  the  higher  reading  obtained  with  the  5 second 
homogenization  may  be  due  to  incomplete  disruption  of  the  aggregates  of 
cells  with  occluded  medium  which  could  affect  the  values  obtained.  The 
data  indicate  that  any  time  of  homogenization  between  10  and  60  seconds 
would  be  satisfactory  if  the  blendor  is  cooled.  Thus  all  subsequent 
suspensions  were  homogenized  for  10  seconds  in  the  above  manner  and  glass 
beads  were  added  to  the  suspension  to  aid  in  obtaining  more  uniform  ali- 
quots. 

15.  Effect  of  riboflavin  on  respiration  measurements  on  a sus- 
pension of  cells  grown  on  peptone  medium.  To  determine  what  effect  ribo- 
flavin itself  had  on  respiration  values  aliquots  of  the  same  vrshed  sus- 
pension of  1*8  hour  cells  adjusted  to  20  per  cent  transmission  used  in 
Experiment  5 were  run  for  IhO  minuter  in  the  Warburg  both  in  the  presence 
and  absence  of  glucose  and  in  the  presence  of  riboflavin  alone  and  ribo- 
flavin with  glucose,  Varburg  flasks  were  prepared  in  the  usual  manner  in 
duplicate  for  both  the  endogenous  and  glucose  respiration  measurements. 

In  the  seme  way  flasks  were  set  up  like  those  for  the  endogenous  respir- 
ation except  that  0.5  ml.  of  a solution  containing  25  ug.  of  riboflavin 
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per  mi.  was  added  to  each  flask.  Similarly,  two  flasks  were  prepared 
like  those  for  the  glucose  respiration  except  that  each  flask  contained 
the  same  added  amount  of  riboflavin  as  above*  The  results  obtained  are 
given  in  Table  2lj. 

TABLE  2lj 

EFFECT  OF  AIDED  frXBOFXAVXV  OR  FiSPIFATIQN  KSISOSBSDRS 
OK  A SUSPF8SI0H*  OF  1*8  HOUR  CELLS 
OW  OK  PEPTONE  MEDIUM 


UtO  min. 

substrate  minus  endogenous 
Ave. 


uL  1 

ul> 

None  (endogenous) 

11.9 

13.1 
Ave.  123 

0,5  ml.  of  0.1  K.  glucose 

21.0 

20.2 
Ave.  20.6 

8.1 

0.5  ml.  of  riboflavin 

21.9 

solution** 

2^7 
Ave.  O 

12,3 

0,5  ml.  of  0.1  K.  glucose 

32.5 

and  0.5  ml.  of  riboflavin 
solution-** 

30.6 
Ave,  31.  <5 

19,1 

^Suspension  was  diluted  to  20  per  cent  transmission.  Dry  weight  was 
2.79  mg/ml  of  suspension. 

**Riboflavin  solution  contained  25  ug.  riboflavin  per  ml. 


The  results  indicate  that  riboflavin  causes  a higher  oxygen  up- 
take than  glucose  in  the  concentrations  used.  The  value  for  the  oxygen 
absorbed  in  the  glucose-riboflavin  flasks  is  about  the  same  as  the  sum 
o Ihc  two  separate  values.  This  might  lead  to  the  conclusion  that 
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glucose  and  riboflavin  metabolism  are  not  interrelated,  at  least  under 
the  conditions  studded.  It  would  appear  that  riboflavin  in  excess  of 
that  already  present  in  enzyme  systems  in  the  cells  is  oxidized  by  1*8 
hour  peptone  cells.  If  such  is  the  case  it  might  account  for  why  ribo- 
flavin does  not  accumulate  much  until  after  the  rapid  growth  phase. 
However,  the  results  might  just  as  well  be  interpreted  as  showing  a stim- 
ulation of  endogenous  respiration.  In  this  interpretation  it  would  be 
assumed  that  riboflavin  present  in  the  cells  is  the  factor  limiting  the 
rate  of  endogenous  respiration, 

16.  Respiration  measurements  at  pH  8.0  on  suspensions  of  cells 
grown  on  different  media  using  various  amino  acids  as  substrate.  In  the 
study  of  amino  acids  in  i xperiment  12,  a pH  6.0  buffer  was  used  in  -tee 
determination  of  the  respiration  values  since  this  pH  is  optimal  for  the 
growth  of  the  organism.  It  was  felt  that  if  amino  acids  played  any 
large  part  in  the  growth  or  production  of  riboflavin  by  A.  gossypli 
the  effects  would  take  place  at  the  pH  of  optimal  growth.  Since  amino 
acid  oxidases  are  more  active  at  pH  8.0,  a second  set  of  media  was  pre- 
pared in  the  some  manner  as  in  the  above  experiment.  It  was  also  felt 
that  a better  idea  of  the  amino  acid  oxidative  activity  of  the  cells 
could  be  obtained  if  the  cells  were  studied  after  1*8  hours  incubation, 
when  there  should  have  been  large  Quantities  of  the  supplied  nutrients 
remaining,  and  after  96  hours  when  the  medium  should  have  been  somewhat 
depleted  of  nutrients.  The  cell  suspensions  were  prepared  in  the  usual 
manner  except  that  they  were  diluted  with  pH  8.0  buffer  to  a transmission 
between  10  and  20  per  cent,  depending  on  the  number  of  cells  available, 
a 5 ml.  aliquot  of  each  suspension  was  used  for  the  determination  of  dry 
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weights. 

The  following  erd.no  acids  were  prepared  in  a concentration  of  0.01 
F.  by  dissolving  them  in  pH  8.0  buffer;  glycine,  ~L-alpha-alanine,  L-lysine, 
I*— glutamic  acid,  I— arginine  monohydrochloride,  DU threonine,  XL— isoleucine 
and  L-asparagine  (a  derivative  of  aspartic  acid).  Duplicate  aliquots  of 
each  suspension  were  run  without  substrate  to  determine  the  endogenous  res- 
piration and  with  0.5  ml.  of  0.1  K.  glucose  as  substrate,  Quadruplicate 
aliquots  of  the  suspensions  were  run  with  0,5  ml.  of  0.01  1.  ard.no  acid 
solution  as  substrate,  half  of  these  aliquots  also  containing  0.5  ml.  of 
0,1  1.  glucose  as  additional  substrate.  Due  to  limitations  of  space  on 
the  h'arburg  apparatus,  it  was  necessary  to  ru n four  cell  suspensions  with 
each  age  of  cells  for  each  medium.  All  samples  were  run  in  the  Marburg 
for  IhO  minutes  and  the  respiration  was  calculated  as  microliters  of  oxy- 
gen absorbed  per  rdlligrar:  of  dried  suspension.  The  results  are  given  in 
Tables  25  through  30. 

The  results  given  in  Tables  25  through  30  are  unfortunately  com- 
plicated by  being  run  at  an  unfavorable  pH  for  overall  metabolism.  This 
is  shown  by  the  unusually  low  endogenous  respiration  values  for  both  the 
18  hour  and  96  hour  cells  from  all  of  the  media.  The  possible  advantage 
gained  by  making  measurements  at  a pH  favorable  for  amino  acid  oxidases, 
as  mentioned  earlier,  was  more  than  offset  by  the  apparent  effect  on 
overall  metabolism. 

Although  the  effects  of  the  various  substrates  tried  are  small, 
the  values  for  glycine,  alpha-alanine  and  proline  on  the  1*8  hour  cells 
appear  to  show  the  same  relative  effects  as  in  Experiment  12.  bach  of 
these  amino  acids  has  its  greatest  effect  on  the  peptone  cells  and  its 
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'Asparagine  is  a derivative  of  aspartic  acid 


•Sample  was  discarded  because  of  a leak  in  the  connections 
** Asparagine  is  a derivative  of  aspartic  acid. 
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Sample  was  discarded  because  of  a leak  in  the  connections 
^Asparagine  is  a derivative  of  aspartic  acid. 


RESPIRATION  MRAS0EEKEHTS  AT  pH  8.0  ON  96  HOUR  GLUTAMIC  ACID-ASOBIIKI  CELL  SUSPENSIONS 
USING  GLUCOSE  AMU  VARIOUS  AMINO  ACIDS  AS  SUBSTRATES 
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♦Samples  discarded  because  of  a leak  In  the  connections 
^Asparagine  is  a derivative  of  aspartic  acid. 
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♦Sample  was  discarded  because  of  a leak  in  the  connections 
**Asperagine  is  a derivative  of  aspartic  acid. 
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USING  GLUCOSE  AHT  VARIOUS  AMINO  ACIDS  AS  SUBSTRATES 
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*Sarcple  discarded  because  of  a leak  in  the  connections 
**Asparagin©  is  a derivative  of  aspartic  acid. 
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smallest  effect  on  the  glutamic  ac id-argininc-glycine  cells.  In  ad- 
dition, the  amino  acids  lysine  and  tyrosine  are  similar,  in  their  effects, 
to  the  above  three  amino  acids. 

These  results  indicate  that  both  the  i*8  and  96  hour  cells  in  each 
medium  show  a greater  oxidative  activity  when  the  amino  aeld  is  the  sole 
substrate.  Several  of  the  amino  acids  oxidise  in  the  absence  of  glucose 
and  are  apparently  not  used  when  glucose  is  present.  In  a very  few  cases 
the  oxidation  of  glucose  is  stimulated  by  the  presence  of  an  amino  acid 
which  has  no  effect  on  the  endogenous  respiration;  for  example,  asparagine 
has  a greater  stimulative  effect  on  glucose  oxidation  in  the  US  hour  pep- 
tone cells  than  it  has  on  endogenous  respiration,whereas  in  the  96  hour 
peptone  cells  it  stimulates  the  endogenous  respiration. 

The  largest  single  effect  is  obtained  with  glutamic  acid  on  en- 
dogenous and  endogenous  plus  glucose  in  the  U8  hour  glutamic  acid- 
arginine-glycine  cells.  Glutamic  acid  has  appeared  to  be  directly  re- 
lated to  growth  and  indirectly,  to  riboflavin  formation  in  several  of 
the  experiments,  in  all  of  the  media  except  those  containing  peptone, 
glutamic  acid  has  been  the  main  source  of  nitrogen. 

17 • Effect  of  cell  extracts  added  to  the  Warburg  flasks  on  res- 
piration measurements  on  suspensions  of  cells  grown  on  media  with  dif- 
ferent sources  of  nitrogen.  Stephens  showed,  that  when  ymal 1 amounts  of 
water  extracts  of  cells  grown  on  peptone  and  yeast  extract  medium  were 
added  to  a medium  containing  glutamic  acid,  arginine  and  glycine,  a much 
greater  production  of  riboflavin  occurred  earlier  than  without  the  ad- 
dition of  this  cell  extract.  The  effect  of  stimulation  of  riboflavin 
fonaation  was  found  by  him  to  be  in  the  heavier  material  which  did  not 
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move  on  paper  strips  when  the  extracts  were  chromatographed.  It  was  felt 
that  studies  of  respiration  measurements  made  by  adding  the  whole  cell  ex- 
tract, and  chroma tographically  separated  fractions  of  it,  to  cells  grown 
on  the  basal  medium  with  different  sources  of  nitrogen,  and  on  an  enriched 
medium,  might  be  of  interest. 

hashed  suspensions  of  2k  and  ij8  hour  cells,  grown  on  a peptone- 

yeast  extract  medium  containing  2.0  per  cent  glucose,  0.5  per  cent  yeast 

extract  and  0.25  per  cent  peptone,  were  prepared  and  diluted  with  pH  6.0 

buffer  to  10  per  cent  transmission.  A 5 ml.  aliquot  of  each  suspension 

was  used  for  the  determination  of  dry  weight.  Duplicate  samples  from  each 

of  these  suspensions  vert  run  for  UiO  minutes  in  the  Warburg  to  obtain  the 

endogenous  respiration,  duplicate  samples  from  each  suspension  were  also 

run  with  each  of  the  following  substrates*  0.5  ml.  of  0.1  M.  glucose, 

0.1  ml.  of  acetone  extract  of  cells*,  0.1  ml.  of  acetone  extract  of  cells 

with  0*5  ml.  of  0.1  M.  glucose,  0.2  ml.  of  water  extract  of  cells*  and 

0.2  ml.  of  water  extract  of  cells  with  0.5  ml.  of  0.1  K.  glucose.  Single 

flasks  were  run  for  both  the  2k  and  1*8  hour  cell  suspensions  using  0,05 

ml.  of  acetone  extract  as  substrate.  All  of  the  flasks  with  2k  hour  cells 

were  run  at  the  same  time  in  the  Warburg  and  with  then  were  run  duplicate 

flasks  containing  0.1  ml.  of  the  acetone  extract  without  cells  to  serve  as 

controls.  To  serve  as  controls  for  the  water  extract,  duplicate  flasks 

containing  0.2  ml.  of  the  water  extract  without  cells  were  run  at  the  same 

time  as  the  1*8  hour  cells.  All  samples  were  run  in  the  Warburg  for  UiO 

minutes.  The  respiration  was  calculated  as  micro liters  of  oxygen  absorbed 
per  milligram  of  dried  suspension.  The  results  are  given  in  Table  31. 

*Acetone  extracts  and  water  extracts  of  cells  were  furnished  by  H.  L. 
Stephens  of  the  Chemistry  Department  at  the  University  of  Florida. 
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TABLE  31 

KEsnsmm  heasursmehts  ok  peptone-yeast  extract 

CELL  SUSPENSIONS*  WITH  CELL  EXTRACTS 
ADDED  AS  SUBSTRATE 


Substrate-  

Hone  (endogenous  values) 

0.5  ml*  of  0.1  K.  glucose 

0.1  ml.  of  acetone  extract 

0,1  ml.  of  acetone  extract 
and  0.5  ml.  of  0,1  E,  glucose 

0,05  ml.  of  acetone  extract 
0,2  ml.  of  water  extract 

0.2  ml.  of  water  extract 

and  0,5  ml*  of  0.1  K.  glucose 

0.1  ml.  of  acetone  extract 


Oxygen  absorbed/  mg.  of  cells/  lhO  min. 
2)j  hour  cells  h8  hour  cells 


u£ 

ar 

514*0 

27.7 

Are. 

M 

28.0 

27.9 

Ui3.6 

70.8 

Ave. 

151.6 

WTJ 

78.1 

TOT 

87.5 

55.2 

Ave. 

■K 

53.3 

fO 

165.0 

92.6 

180.1 

101.1 

Ave. 

76.lt 

39.9 

mIo 

Ave. 

eto 

166.1 

9U.6 

Ave. 

156,7 

isar 

I03.I 

W 

239.2 

117.2 

Ave. 

2204 

15.6 

15.3 

IZts 

se 

Ave. 

0.2  nl.  of  water  extract 


Ave. 


0.0 

0.0 


**A  duplicate  sample  was  not  run  because  of  space  limitations  on  the 
s*arourg  apparatus. 


weight  of  the 
.sponsion 


91 


The  data  in  Table  31  show  that  cells  grown  on  peptone  and  yeast 
extract  medium  have  a much  higher  respiration  at  21*  hours  than  they  have 
at  1*8  hours,  which  is  to  be  expected,  because  cells  grown  on  an  en- 
riched medium  would  probably  reach  the  end  of  the  rapid  growth  phase 
earlier  than  those  grown  on  the  other  media  used.  For  both  21*  and  1*8 
hour  cells  the  addition  of  0.1  ml.  of  acetone  extract  of  cells  caused  an 
increase  in  respiration  in  the  absence  of  glucose.  These  respiration 
values  are  much  higher  than  any  of  the  values  obtained  on  cells  from  dif- 
ferent media  both  with  or  without  substrates.  his  increase  appears  to 
be  due  to  a stimulation  of  endogenous  respiration.  The  probability  of 
substances  being  oxidized  in  the  extract  accounting  for  the  large  in- 
crease in  respiration  is  considered  to  be  unlikely  because  only  rela- 
tively small  amounts  of  substances  are  present  in  the  extract.  The  res- 
piration obtained  by  adding  both  glucose  and  acetone  extract  Is  slightly 
less  than  the  sum  of  the  separate  values.  The  same  effects  are  seen  in 
the  results  when  the  water  extract  is  added. 

The  acetone  extract  in  the  absence  of  cells  shows  a slight  res- 
piration value  which  may  perhaps  be  due  to  the  presence  of  enzymes  and/or 
riboflavin  in  the  extract.  The  water  extract,  however,  which  also  con- 
tains riboflavin,  and  may  comain  enzymes,  does  not  show  this  effect. 

The  water  extract  added  to  the  flasks  has  a greater  effect  than 
the  acetone  extract.  The  difference  in  results  obtained  with  the  two 
extracts  may  be  due  to  differences  in  amounts  of  substances  present, 
iiowever,  since  both  extracts  exert  this  effect,  whereas  only  the  water 
extract  stimulates  the  formation  of  riboflavin,  according  to  Stephens,  it 
may  be  that  the  larger  increase  in  respiration  obtained  with  the  water 
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extract  was  related  to  the  metabolic  processes  involved  in  the  formation 
of  riboflavin. 

The  following  work  deals  with  the  effect  of  different  portions  of 
the  chromatograms  of  the  water  cell  extract  on  respiration  measurements. 
Four  paper  chromatograms*  of  the  water  extract  of  cells,  using  butanol- 
acetic  acid  solvent,  were  air  dried  and  cut  into  four  portions  designated 
as  A,  B,  C and  . The  A portion,  which  consisted  of  the  bottom  1§  inch 
of  the  paper  strips,  included  the  non-moving  residue  of  the  extract, 
which  Stephens  had  shown  to  stimulate  the  early  formation  of  riboflavin 

r » 

in  the  glutamic  acld-arginine-glycine  medium.  The  B portion  consisted  of 
the  next  inch  of  the  strips.  The  C portion,  which  consisted  of  the 
next  li  inch  of  the  strips  contained  the  riboflavin.  The  B portion  con- 
sisted of  the  rest  of  the  strips,  about  h inches.  Some  filter  paper 
strips  treated  only  with  butanol  and  acetic  acid  and  dried  were  used  as 
a control.  The  A,  B,  C and  P portions  of  the  strips  (four  of  each 
portion  were  pooled)  of  the  chromatograms  and  the  control  strips  were 
homogenized  separately  in  the  fearing  blendor  for  1 minute  with  25  ml. 
portions  of  pH  6.0  buffer  to  prepare  extracts  for  testing. 

feashed  suspensions  of  2li  and  ltd  hour  cells,  grown  both  on  the 
basal  medium  with  0.25  per  cent  added  peptone  and  on  the  enriched  peptone- 
yeast  extract  medium,  prepared  as  above,  were  made  to  study  the  effects 
of  these  portions  of  the  chromatograms  on  respiration  measurements. 

These  suspensions  were  homogenized  for  10  seconds  in  the  fearing  blendor 
and  were  diluted  to  10  per  cent  transmission  with  pH  6.0  buffer.  A 5 ml. 

♦The  paper  chromatograms  of  the  water  cell  extract  were  furnished  by 
fi.  B.  "tephens. 
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aliquot  of  each  suspension  was  used  to  determine  the  dry  weight.  Because 
of  limitations  of  'Warburg  space,  it  wss  necessary  to  use  a different  sus- 
pension of  cells  for  each  of  the  A,  B,  C and  B portiotxs  of  the  chromato- 
grams. haeh  Warburg  run  was  set  up  using  duplicate  aliquots  of  the  sus- 
pensions for  endogenous  respiration  and  for  each  of  the  following*  1,0 
ml,  of  treated  paper  control  extract;  0,5  ml,  of  0,1  K,  glucose;  0,5  ml, 
of  0,1  K.  glucose  with  1,0  ml,  of  treated  paper  control  extract;  0,25  ml, 
of  chromatogram  extract;  0,25  ml,  of  chromatogram  extract  with  0,5  ml,  of 
0,1  J1.  glucose;  1,0  ml,  of  chromatogram  extract;  and  1,0  ml,  of  chromato- 
gram extract  with  0,5  ml,  of  0,1  K.  glucose.  All  sarnies  were  run  in  the 
Warburg  for  llsO  minutes  and  the  respiration  measurements  were  calculated 
as  microliters  of  oxygen  absorbed  per  milligram  of  dried  suspension.  The 
results  obtained  are  given  in  tables  32  - 35. 

The  data  in  Tables  32  - 35  show  that  in  most  cases  the  endogenous 
respiration  and  the  re  spiration  in  the  presence  of  glucose  are  increased 
by  the  treated  paper  control  extract,  which  may  have  contained  some 
butanol-acetic  acid  solvent,  however,  effects  from  all  the  fraction  ex- 
tracts and  the  treated  paper  control  extracts  are  considered  to  be  too 
small  to  be  of  any  significance.  Along  with  the  lack  of  appreciable 
effects  are  appreciable  variations  in  results  that  may  be  due  to  dif- 
ferent adsorption  effects  from  the  ground  filter  paper  in  different 
flasks. 

Three  possible  explanations  are  offered  for  the  difference  be- 
tween the  large  effects  from  entire  extracts  and  the  small  effects  from 
different  chroma tocraphic  portions  of  the  extract;  the  amount  of  active 
substances  in  the  portions  of  the  chromatograms  were  used  in  too  low 
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RESPIRATION  HEASfKEHMfS  OH  21*.  HOUR  PEPTOHE-XEAST  EXTRACT  CELL  SOSPENSION3* 
WITH  CHftOSATOOSAPHBl)  CELL  EXTiACT  ADDED  AS  SUBSTRATE 
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TABLE  3L  (continued) 
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RESPIRATION  MEASUHBffiHTS  ON  1*8  HOUR  PEPTOME-TEAST  EXTRACT  CELL  SUSPENSIONS* 
USING  CHROMATOGRAPHED  CELL  EXTRACT  ADDED  AS  SUBSTRATE 
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a concentration  for  appreciable  effects;  activity  of  the  whole  extracts 
depending  upon  combinations  of  substances  that  we-e  separated  during  the 
chromatographing;  and  active  substances  may  have  been  destroyed  during 
the  separations.  Combinations  of  the  offered  explanations  might  also 
account  for  the  lack  of  effect  of  the  fractions. 

The  values  noted  in  Table  31*  as  possible  errors  may  have  resulted 
from  glucose  being  added  to  the  "treated  paper  control  extract"  flask  and 
not  being  added  to  the  "glucose"  flasks.  This  would  obviously  give  high 
values  for  the  "treated  paper  control  extract"  flasks.  This  manipulative 
error  would  cause  the  "glucose"  flasks  to  be  like  "endogenous"  flasks 
except  that  the  total  volume  would  be  0.5  ml.  less.  This  would  account 
for  the  values  shown  by  the  "glucose"  flasks  being  slightly  higher  than 
those  for  the  "endogenous"  flasks. 


IV.  SOKMART  AND  CONCLUSIONS 


The  growth  of  A.  gosgypii  occurs  in  small  clumps  which  makes  the 
preparation  of  a uniform  suspension  for  respiration  measurements  dif- 
ficult. iiomogenization  for  10  seconds  in  a cooled  Waring  blendor  and 
shaking  the  final  suspension  with  glass  beads  gave  suspensions  on  which 
good  duplication  of  results  could  be  obtained. 

Several  factors,  including  the  position  of  the  thermobarometer 
on  the  water  bath,  the  rate  of  shaking  in  the  Warburg,  the  concentration 
of  glucose  used  as  substrate,  the  concentration  of  inoculum  and  the 
effect  of  cold  storage  were  investigated  in  order  to  determine  the 
optimal  conditions  for  respiration  measurements  on  the  cell  suspensions. 

Using  suspensions  of  2h,  U8,  72  and  ?6  hour  cells  from  four  dif- 
ferent redia-  peptone,  glutamic  acid-arginine,  glutamic  acid-arginine- 
leucine,  and  glutamic  acid-arginine-leucine-hi stidine-  it  was  found  that 
the  actively  metabolizing  cells  had  a higher  respiration  than  the  older 
cells  when  growth  was  normal.  With  the  last  two  media,  however,  an  in- 
hibition or  delay  of  growth  occurred  and  cells  from  these  media  showed 
peaks  in  respiration  at  2ii  and  U8  hours,  respectively.  It  was  postulated 
that  these  peaks  may  be  associated  with  the  synthesis  of  substances 
necessary  for  riboflavin  formation,  since  these  peaks  occurred  during 
slow  growth. 

The  addition  of  copper  and  iron  to  a glutamic  acid-arginine- 
glycine  medium  gave  cells  with  a respiration  almost  twice  that  of  cells 
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10b 

of  the  sane  age  grown  on  the  same  medium  without  copper  or  iron*  This 
may  be  due  to  the  increased  activity  of  copper  and/or  iron  containing 
enzymes. 

The  addition  of  riboflavin  to  peptone  cells  showed  almost  the 
same  increase  in  respiration  as  did  the  addition  of  glucose  in  the  con- 
centrations studied.  If  this  effect  is  due  to  oxidation  of  riboflavin 
instead  of  stimulation  of  endogenous  respiration  it  may  explain  why 
riboflavin  does  not  usually  appear  in  appreciable  amounts  in  non- 
inhibiting growth  media  until  after  the  rapid  growth  phase. 

inspiration  measurements  made  on  peptone,  glutamic  acid-arginine 
and  glutamic  acid-arginine-glycine  cells  using  various  nitrogen  sources 
as  substrates  showed  small  effects  in  general.  Of  several  purines  used 
xanthine  showed  the  largest  increases  in  respiration  on  all  three  types 
of  media,  with  guanine  a fairly  close  second.  If  these  effects  are  re- 
lated to  riboflavin  formation,  this  would  be  in  agreement  with  postu- 
lated purine  pathways  for  synthesis  of  riboflavin.  Various  amino  acids 
were  run  as  substrates  with  these  same  media  at  pH  6.0  and  at  pit  8.0. 
at  pH  6.0  only  proline,  alpha-alanine  and  glycine,  of  the  amino  acids 
used  shewed  an  effect  proportional  to  the  growth  of  cells  in  each  of 
these  media.  Host  of  the  DL  amino  acids  used,  except  serine  and  alpha- 
alanine,  gave  only  small  increases  in  respiration  possibly  due  to  in- 
hibition by  the  D forms.  The  respiration  effects  obtained  with  serine, 
glutamic  acid,  asparagine  and  tryptophan  indicated  a possible  relation- 
ship to  the  formation  of  riboflavin.  At  pH  8.0,  the  respiration  measure- 
ments were  much  lower,  in  general,  than  at  pH  6.0.  Very  few  of  the  amino 
acids  used  showed  any  stimulation  of  respiration  in  the  presence  of 


glucose,  Sly-cine,  alpht-alani  no  an'  proline  shamed  the  sense  relative 
effect*  at  pH  8,0  as  at  pH  6,0,  Glutasde  acid  ehmed  the  largest  effect* 
end  my  be  related  indirectly  to  riboflavin  formation.  It  appears  to  be 
related  directly  to  growth, 

Tbs  addition  of  tester  and  acetone  extracts  of  cells  to  peptone* 
yeast  extract  cells  gave  very  large  increases  in  the  endogenous  respir- 
ation and  small  increases  in  respiration  in  the  presence  of  glucose. 

This  increase  in  respiration  appeared  to  be  re la  ed  to  stimulation  of 
■exogenous  respiration  rather  than  to  oxidation  of  substances  present  in 
the  extracts.  Cfcroratognsphed  portions  of  the  water  extract,  run  with 
peptone-yeast  extract  cells,  shewed  very  alight  effects  on  respiration, 
this  may  have  been  due  to  too  great  dilution  or,  perhaps,  to  a destruction 
or  separation  of  active  c<xspo«ent#  during  the  chromatograph*  ng . 

On  « basis  of  findings  in  this  investigation,  further  work  would 
seem  to  be  indicated  cm  the  function  of  glycine,  serine,  glutamic  acid, 
ars'.isine,  tryptophan,  leucine,  histidine  and  xanthine  as  possible  inter- 
iBodietee  or  storting  compound®  in  the  synthesis  of  riboflavin* 
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